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ABSTRACT 


y 

'Reports  results  on  test  stakes  of  southern  pine  sapwood  2 by  4 by 


18  inches  in  size,  treated  by  pressure  and  nonpressure  processes  and 
installed  by  the  Forest  Products  Laboratory  and  cooperators  in  decay 
and  termite  exposure  sites  at  various  times  since  1938  at  Saucier,  Miss. , 
Madison,  Vis.,  Bogalusa,  La.,  Lake  Charles,  La.,  Jacksonville,  Fla., 
and  the  Canal  Zone,  Panama.  Also  included  in  the  tests  at  Saucier,  Miss., 
are  smaller  pine  stakes  and  those  of  treated  and  untreated  plywood, 
modified  woods,  laminated  paper  plastic,  and  pine  infected  with  Trichoderma 
mold . 

Southern  pine  untreated  control  stakes  have  had  an  average  life  of  about 
1 vear  in  the  Canal  Zone,  1.8  to  3.6  years  in  Mississippi,  Florida, 
and  Louisiana,  and  about  6 years  in  Wisconsin.  Superficial  treatments 
by  3-minute  dipping  and  brushing  with  preservatives  such  as  coal-tar 
creosote  and  petroleum  oils  containing  copper  naplithenate,  zinc  naphthenate, 
phenyl  mercury  oleate,  and  pentacnlorophenol  have  added  a few  months 
to  4 years  to  the  life  of  the  untreated  stakes.  Some  waterborne  preservatives 
have  provided  less  protection  to  the  stakes  than  the  standard  preservative 
oils,  such  as  coal-tar  creosote  and  pentachlorophenol  solutions,  when 
preservative  retentions  have  corresponded  to  those  in  commercial  use. 

Other  waterborne  p-eservatives  have  shown  excellent  results  in  the  exposure 
tests . 
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INTRODUCTION 

3 

The  results  of  an  international  termite  exposure  test  have  indicated 
that  pine  sapwood  stakes  2 by  4 by  18  inches  furnish  an  effective  means 
for  testing  the  protection  provided  against  decay  and  termite  attack  by 
various  wood  preservatives.  The  Forest  Products  Laboratory  during  late 
1938,  in  cooperation  with  others,  treated  test  stakes  of  southern  pine 
sapwood  with  several  preservat Ives  for  installation  at  the  Harrison  Experimental 
Forest  at  Saucier,  Miss.  Replicate  sets  were  treated  for  installations 
at  Madison,  Wis.,  Bogalusa,  La.,  Jacksonville,  Fla.,  and  the  Canal  Zone, 

Panama.  Since  1938,  additional  preservatives  have  been  added  to  these 
tests,  principally  at  the  Saucier,  Miss.,  station.  Also  installed  at 
that  station,  so  their  decay  and  termite  resistance  could  be  studied, 
were  stakes  of  treated  and  untreated  modified-wood  products,  such  as  plywood, 
impreg,  compreg,  staypak,  papreg,  laminated  acetylated  wood,  cyanoethylated 
wood,  that  with  thiamine  destroyed,  wood  infected  with  Trichoderma  mold, 
embedded  fiberboard  (western  hemlock  strands  in  Portland  cement),  and 
particleboard. 

In  1967  an  installation  including  11  standard  wood  preservatives  was 
made  in  cooperation  with  the  Wood  Products  Insect  Laboratory, 

Gulfport,  Miss.,  at  Lake  Charles,  La.,  in  an  area  infested  by  the  destructive 
Formosan  termite  (Coptotermes  formosanus) , and  for  comparison  at  the 
Harrison  Experimental  Forest. 


This  note  is  a continuation  of  progress  reports  by  the  same  title 
issued  periodically  from  I960  to  1962  as  Forest  Products  Laboratory 
Report  No.  1761  and  as  USD A Forest  Service  Research  Note  FPL-02  since 
1963. 

2 , 

Maintained  at  Madison , Wis.,  in  cooperation  with  the  University 
of  Wisconsin. 

7 

Hunt,  G.  M.j  and  Snyder , T.  E.  An  International  Termite  Exposure 
Test.  Proceedings  of  the  American  Wood-Preservers'  Association,  1930, 
pp.  318-334.  Annual  progress  reports  published  in  these  Proceedings 
each  year  from  1930  to  1949, again  in  1952 , 1956,  and  1957  (final  report). 


properties  of  materials  that  show  promise  in  laboratory  toxicity  tests. 

The  limitations  of  these  somewhat  accelerated  field  tests  must  be  recognized, 
however,  by  those  who  wish  to  make  use  of  them.  They  should  not  be  considered 
as  a substitute  for  actual  service  tests  on  full-size  products  such  as 
ties,  poles,  or  posts.  Furthermore,  the  results  obtained  in  stake  tests 
are  applicable  only  under  the  set  of  conditions  existing  in  the  particular 

test.  Factors  such  as  exposure  conditions,  preservative  retentions,  i 

preservative  distribution,  heartwood  volume,  and  size  (surface  area  in 
relation  to  total  volume)  all  tend  to  influence  the  performance  of  treated 
wood.  With  small  stakes,  these  factors  are  much  different  from  those 
when  treated  products  are  used  under  actual  service  conditions. 

This  publication  is  a progress  report  on  the  condition  of  the  modified 
wood  products  and  stakes,  treated  with  the  various  preservatives  and 
oils,  at  the  time  of  the  1976  inspections.  The  tests  at  Panama  were 
completed  with  the  final  inspection  in  January  1956.  Those  at  Jacksonville 
were  terminated  in  December  1960  and  those  at  Bogalusa  in  December  1962. 

Progress  reports  showing  the  condition  of  the  test  stakes  in  1947,  and 
during  each  of  the  years  1949  to  1969,  1971,  1973,  and  1975  were  prepared 
previously. ^ 


PRESERVATIVES  AND  MODIFIED-WOOD  PRODUCTS  TESTED 

Table  1 lists  preservatives  and  other  products  tested,  and  refers  to 
existing  specifications  in  cases  in  which  specifications  had  been  issued. 
Table  1 also  refers  to  tables  2 through  53  in  this  report,  in  which  test 
data  on  the  various  materials  appear.  Formulations  of  treating  solutions 
and  descriptions  of  the  various  test  materials  are  generally  given  in 
these  tables.  More  complete  information  as  to  the  source  and  composition 
of  the  various  materials  can,  in  most  cases,  be  furnished  upon  request 
to  the  Forest  Products  Laboratory. 


SELECTION  AND  TREATMENT  OF  STAKES 

The  stakes  of  modified  wood,  with  one  or  two  exceptions,  were  4 by  18  inches 
with  variable  thicknesses.  The  wood  stakes  were,  for  the  most  part, 

2-  by  4-inch  (nominal)  by  18-inch  southern  pine,  uniformly  seasoned, 
surfaced  four  sides,  and  selected,  as  far  as  possible,  for  freedom  from 
heartwood,  wane,  objectionable  knots,  and  other  visible  defects.  Five 
installations  included  stakes  of  smaller  size  for  comparison  (tables  6, 

35,  37,  42,  and  45).  The  stakes,  before  treatment,  were  identified  by 
a number,  either  stamped  on  the  ends  or  marked  with  lumber  crayon. 


4 

Blew,  J.  0.  Comparison  of  Wood  Preservatives  in  Stake  Tests . 
Proceedings  of  the  American  Wood-Preservers'  Association , 1948 , pp.  88-119. 
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All  preservative  treatments  were  by  pressure  impregnation  unless  otherwise 
indicated  in  the  tables.  Waterborne  preservatives,  unless  otherwise 
noted  in  the  tables,  were  applied  by  the  full-cell  process,  while  preservative 
oils  were  applied  by  either  empty-cell  or  full-cell  methods,  depending 
upon  the  retentions  required.  Complete  penetration  is  desirable  and 
is  usually  noted  in  the  pressure  treatment  used.  For  this  reason  heartwood 
material  was  avoided  in  the  southern  pine  stakes  unless  specially  noted 
(table  5).  With  few  exceptions,  preservative  retentions  were  computed 
for  individual  stakes'’  from  the  difference  in  weight  before  and  after 
treatment.  Surplus  preservative  was  permitted  to  drain  from  the  stakes 
before  the  final  weights  were  taken.  After  past  experience  or  exploratory 
treatments  had  indicated  the  correct  treating  schedule  or  the  treating- 
solution  concentration  necessary  to  produce  a desired  preservative  retention, 
twenty  2-by  4-inch  stakes  were  treated  for  each  test  variable,  from  which 
10  acceptable  stakes  were  selected  for  installation.  By  discarding  those 
stakes  with  retentions  higher  or  lower  than  that  desired,  the  10  stakes 
selected  by  this  procedure  were  usually  found  to  have  preservative  retentions 
within  10  percent  (plus  or  minus)  of  that  sought.  The  stakes  not  acceptable 
for  the  test  provided  material  for  checking  preservative  penetrations. 

For  stakes  treated  in  liquefied  petroleum  gas  (tables  42  and  45)  it  was 
impracticable  to  follow  this  general  procedure.  The  stakes  installed 
were  treated  at  a commercial  plant  during  the  presence  of  a Laboratory 
representative  and  retentions  were  determined  from  the  analysis  of  either 
sections  of  test  stakes  or  from  extra  matched  stakes  included  for  that 
purpose. 

The  test  stakes  were  usually  identified  by  a numbered  metal  tag  nailed  | 

(riveted  in  the  case  of  hard  or  thin  modified-wood  products)  to  the  wide 
face  approximately  2 inches  from  the  top  of  the  stake. 


INSTALLATION  AND  INSPECTION  OF  STAKES 


The  stakes  at  Madison,  Wis.,  and  Saucier,  Miss.,  were  installed  in  plots 
by  the  randomized-block  method.^  The  stakes  were  set  in  the  ground  in 
an  upright  position  with  about  half  of  their  length  (9  in.)  in  the  ground. 
The  soil  in  the  plot  at  the  Harrison  Experimental  Forest,  Saucier,  Miss., 
is  Norfolk  fine  sandy  loam  with  a pH  of  4.85.  That  area  was  cleared 
of  trees,  mostly  scrub  oak  and  gallberry  with  a few  longleaf  and  slash 
pine,  before  the  stakes  were  installed,  and  the  ground  cover  is  now  mostly 
wire  grass.  The  Madison,  Wis.,  plot,  until  late  1956,  was  located  in 
an  area  of  clay  loam  soil  partially  shaded  by  various  hardwood  trees 
and  sumac.  In  October  1956,  it  was  necessary  to  move  the  stakes  to  a 
new  test  plot  near  Madison  with  similar  soil  but  without  overstory  of 
trees  or  shrubs.  The  soil  at  Bogalusa,  La.,  is  sandy  loam,  and  that 
at  Jacksonville,  Fla.,  is  sandy.  Both  plots  are  partially  shaded.  The 
plot  at  Lake  Charles,  La.,  is  located  on  an  open  area  partially  covered 


Preservative  retentions  on  individual  stakes  have  not  been  included 
in  this  report  because  of  the  large  amount  of  space  that  would  be  required . 

6 Fisher,  R.  A.,  and  Yates,  F.  Statistical  Tables  for  Agricultural  and 
Medical  Research.  London.  99  pp.  1938, 


with  broom  sedge  and  marsh  grass.  The  top  10  inches  of  soil  is  sandy 
with  some  streaks  of  clay,  below  which  is  a heavy  muck  and  the  water 
table. 

The  1970  and  1974  inspection  at  Lake  Charles,  La. , and  the  final  inspec- 
tion of  stakes  installed  at  the  Canal  Zone  during  January  1956  were  made 
by  representatives  of  the  Wood  Products  Insect  Laboratory,  Gulfport,  Miss., 
and  the  Forest  Products  Laboratory.  The  final  inspections  of  the  stakes 
at  Jacksonville  and  Bogalusa  were  made  in  1960  and  1962,  respectively, 
by  representatives  of  the  Chapman  Chemical  Co.  and  the  Forest  Products 
Laboratory.  The  Madison  and  Saucier  installations  were  inspected  by 
the  Forest  Products  Laboratory. 

In  these  inspections,  the  stakes  were  removed  individually,  scraped  off 
to  facilitate  inspection,  examined,  and  then  returned  to  their  original 
place  unless  their  condition  indicated  removal.  Following  the  examination, 
the  stakes  were  given  a numerical  and  a letter  rating  according  to  decay 
and  termite  attack,  as  follows: 


Decay 


Termite  attack 


1,  no  decay 

2,  slightly  soft  or  suspicious 

3,  partial  or  limited  decay 

4,  bad  decay  7 

5,  removed  because  of  decay” 


A,  no  attack 

B,  nibbles  or  trials 

C,  limited  attack  (penetration) 

D,  heavy  attack 

E,  removed  because  of  termite  attack 


In  tables  2 through  53,  stakes  listed  as  "Good"  had  an  inspection  rating 
of  one  of  the  following:  1A,  IB,  2A,  or  2B.  Stakes  listed  as  "Serviceable 
but  showing  some  decay"  had  one  of  the  following  inspection  ratings: 

3A,  3B,  4A,  or  4B.  Those  listed  as  "Serviceable  but  showing  some  termite 
attack"  were  so  classified  on  the  basis  of  a field  rating  of:  1C,  2C, 

ID,  or  2D.  Stakes  listed  as  "Serviceable  but  showing  some  decay  and 
termite  attack"  were  given  one  of  the  following  ratings:  3C,  3D,  4C, 
or  4D.  Under  the  foregoing  system  of  classification,  stakes  showing 
limited  and  heavy  decay,  termite  attack,  or  both  are  grouped  together. 

Undue  emphasis  is  often  placed  upon  this  classification,  in  which  the 
stakes  show  some  deterioration  but  are  not  necessarily  in  serious  condition. 
In  making  comparisons  between  preservatives,  therefore,  only  the  stakes 
actually  destroyed  should  be  considered. 

For  stakes  classified  as  "Destroyed  by  decay  fung-*  and  termites,"  both 
forms  of  deterioration  must  be  rated  at  least  w*  id  decay  or  heavy  attack 
("4"  or  "D")  in  the  inspection.  In  other  words,  take  rated  in  the 
inspection  as  3E  would  be  considered  as  destroyed  by  termites  rather 
than  by  decay  and  termites,  while  one  rated  as  5C  would  be  considered 


50  pat  or  more  of  cross  section  destroyed. 
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as  destroyed  by  decay  fungi.  The  system  used  in  the  tables  for  classifying 
the  destroyed  stakes  therefore  emphasizes  the  major  factor  or  factors 
responsible  for  damage,  but  it  ignores  those  that  may  have  been  noted 
but  that  have  not  seriously  contributed  to  the  destruction.  In  estimating 
service  life  prior  to  100  percent  removal  of  stakes  it  has  been  noted 
that  the  average  life  is  approximately  at  the  time  when  60  percent  of 
the  stakes  in  a group  have  been  removed. 

The  foregoing  system  of  classification  is  considered  well  suited  to  the 
requirements  of  tests  rated  on  the  basis  of  visual  examination.  Such 
methods  of  examination  do  not  appear  to  warrant  the  use  of  elaborate 
or  precise  methods  of  rating  or  classification. 

Tables  2 through  53  show  the  condition  of  the  test  stakes  at  the  most 
recent  inspection.  Table  54  is  a summary  of  results  obtained  in  Mississippi 
on  2-  by  4-inch  pine  stakes  treated  with  wood  preservatives  that  are 
in  general  use. 


SUMMARY  OF  RESULTS 


The  results  of  the  tests  thus  far  can  be  summarized  as  follows: 


Southern  Pine  and  Plywood  Stakes 

Untreated  stakes. — The  untreated  2-  by  4-inch  southern  pine  sapwood  stakes 
have  had  an  average  life  of  approximately  1 year  in  the  Canal  Zone,  Panama, 
1.8  to  3.6  years  at  Saucier,  Miss.,  Bogalusa,  La.,  and  Jacksonville,  Fla., 
and  4 to  6 years  at  Madison,  Wis.  At  Lake  Charles,  La.,  60  percent  of 
the  untreated  control  stakes  were  destroyed  by  Formosan  termites  during 
the  first  year.  Untreated  3/4-inch  pine  sapwood  stakes  in  Mississippi 
have  had  an  average  life  of  1.4  to  2.1  years. 

The  untreated  Douglas-fir  plywood  stakes  installed  at  Saucier,  Miss., 
have  had  an  average  life  of  about  1 to  4 years.  Those  glued  with  phenolic 
and  urea-resin  glues  have  lasted  somewhat  longer  than  those  glued  with 
casein  glue,  which  have  had  an  average  life  of  1 year.  The  stakes  cut 
from  Douglas-fir  lumber  and  of  thickness  similar  to  that  of  the  plywood 
have  had  an  average  life  of  slightly  more  than  2 years.  Untreated  plywood 
stakes  of  yellow  birch,  sweetgum,  and  tangile  have  had  an  average  life 
of  less  than  2 years. 

Pressure-treated  stakes. — In  the  newer  installations  and  in  those  with 
the  more  effective  preservatives  only  a limited  number  of  stakes  has 
thus  far  been  removed,  and  the  average  life  of  stakes  pressure-treated 
with  various  preservatives  cannot  yet  be  determined.  Estimates  on  average 
life  were  made  for  preservatives  with  significant  failures  at  the  time 
of  the  termination  of  several  installations  (see  tables  2,  3,  4,  5,  8, 

12,  18,  and  38).  In  the  Canal  Zone,  stakes  treated  with  several  retentions 
of  chromated  zinc  arsenate  have  been  destroyed  during  the  15-1/3  years 
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of  exposure.  Stakes  with  0.33  (0.22  oxide  basis)  pound  per  cubic  foot 
of  the  preservative  had  an  average  life  of  9 years,  while  those  with 
approximately  1.05  (0.69  oxide  basis)  pounds  had  an  average  life  of 
15.3  years.  With  chromated  zinc  arsenate  retentions  of  0.33  (0.22  oxide 
basis)  pound  to  1.06  (0.70  oxide  basis)  pounds  per  cubic  foot,  failures 
have  occurred  in  Wisconsin,  while  after  36  years  in  Mississippi  failures 
have  been  noted  only  with  the  low  retention  (table  4;  see  similar  comparison 
in  table  20) . This  is  attributed  to  the  presence  of  arsenic-tolerant 
fungi  at  the  Wisconsin  test  area. 

Stakes  treated  with  retentions  of  from  0.5  (0.30  oxide  basis)  to  1.0 
(0.61  oxide  basis)  pound  of  chromated  zinc  chloride  per  cubic  foot  lasted, 
on  an  average,  about  5 to  7 years  in  Panama,  14  to  20  years  in  Mississippi, 
and  15  to  18  years  in  Wisconsin.  In  Panama,  stakes  treated  with  fluor 
chrome  arsenate  phenol  with  average  retentions  of  0.2  (0.16  oxide  basis) 
to  0.3  (0.24  oxide  basis)  pound  per  cubic  foot  had  an  average  life  of 
about  3 and  6 years,  respectively.  With  stakes  treated  with  0.6  (0.48 
oxide  basis)  pound  per  cubic  foot,  the  average  life  in  Panama  was  14  years. 

In  Mississippi,  stakes  treated  with  0.2  (0.16  oxide  basis),  0.3  (0.24 
oxide  basis),  and  0.6  (0.48  oxide  basis)  pound  of  fluor  chrome  arsenate 
phenol  per  cubic  foot  had  an  average  life  of  about  10,  18,  and  24  years, 
respectively.  Stakes  in  Wisconsin  treated  with  similar  retentions  of 
that  preservative  had  an  average  life  of  14  to  16  years. 

Of  the  waterborne  preservatives  in  test  (25  to  31  yrs  or  longer  in  Mississippi), 
the  formulations  containing  either  copper  and  arsenic  (ammoniacal  copper 
arsenate,  table  14)  or  copper,  chromium,  and  arsenic  (chromated  copper 
arsenate,  tables  15  and  20)  are  the  better  performers  with  no  failures 
with  retentions  of  0.5  (0.29  oxide  basis)  per  cubic  foot  or  higher. 

Results  thus  far  on  installations  of  pentachlorophenol  with  similar  reten- 
tions (approximately  0.2  lb/ft^)  and  with  different  hydrocarbon  solvents 
(tables  17,  42,  and  45),  show  better  performance  with  solutions  containing 
the  heavy  solvents  such  as  heavy  gas  oil,  lube  oil  extract  (table  17), 

No.  4 aromatic  oil  (table  22),  and  AWPA  P9  (heavy  petroleum  solvent) 

(tables  42  and  45),  than  with  volatile  (LPG)  or  light  oils  such  as  Stoddard 
solvent  (mineral  spirits)  (tables  17  and  42).  Preservatives  such  as 
rosin  amine-D-pentachlorophenate  (tables  22  and  23),  tributyltin  oxide 
(tables  36  and  41),  and  copper-8-quinolinolate  (tables  38  and  43)  also 
show  better  performance  with  the  heavy  petroleum  solvent  than  with  the 
light  Stoddard  solvent  (mineral  spirits).  The  above-mentioned  heavy 
petroleum  solvents  have  the  following  properties: 
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Petroleum  oils 

API 

gravity 
60°  F 

Flash 

point 

(PMCC) 

Vis- 
cosity 
SUS  at 
100°  F 

Penta 

solvency 

at 

75°  F 

IBP 

Distillation 

50  EP 

percent 

(°F) 

(Pet) 

(°F) 

(°F) 

( °F) 

Heavy  gas  oil, 

No.  101 

CO 

00 

345 

167.4 

20-22 

600 

700 

734 

Lube  oil  extract 

5.1 

295 

196.4 

28-30 

440 

696 

736 

AWPA  P9  (heavy) 

23.8 

225 

38.4 

15 

480 

538 

647 

No.  4 aromatic 

6.8 

230 

72.6 

10+ 

458 

592 

Cracked, 
(85  pet) 

Coal-tar  creosotes  installed  in  Mississippi  daring  1940  and  1941  (tables  4, 

5,  and  6)  have  shown  better  performance  than  those  installed  in  1948 
(tables  18  and  19) . In  the  latter  installation,  10  coal-tar  creosotes 
with  a retention  of  approximately  8 pounds  per  cubic  foot  showed  only 
a few  serviceable  stakes  after  20  years  and  the  average  life  was  determined 
or  estimated  at  14  to  21  years.  Creosotes  installed  earlier  showed  only 
20  to  60  percent  failures  in  35  to  36-1/2  years. 

Stakes  pressure  treated  with  the  fire-retarding  formulation  containing 
ammonium  phosphate  and  ammonium  sulfate  lasted,  on  an  average,  only  2 
to  3 years  in  Mississippi.  With  these  ammonium  salts  plus  borax  and 
boric  acid,  the  stakes  installed  in  1943  lasted  on  the  average  of  about 
4 years.  The  fire-retarding  formulation  with  borax  and  boric  acid  alone 
has  provided  protection  against  decay  and  termites  for  an  average  of 
about  6 years.  The  addition  of  zinc  chloride  and  chromium  compounds 
to  combinations  of  boron  and  ammonium  salts  in  fire  retardants  improves 
protection  against  decay  fungi  and  termites. 

Douglas-fir  plywood  stakes  treated  with  6 and  12  pounds  per  cubic  foot 
of  coal-tar  creosote  have  performed  somewhat  better  in  Mississippi  than 
those  treated  with  26  pounds  of  1.1  percent  or  2.25  percent  pentachlorophenol 
in  light  solvent  per  cubic  foot  (Table  8) . 

The  results  of  stake  tests  in  Mississippi  show  copper  naphthenate  is 
furnishing  greater  protection  than  zinc  naphthenate  with  similar  retentions. 

Stakes  pressure  treated  with  various  concentrations  of  phenyl  mercury 
oleate  in  naphtha  have  lasted  from  5 to  9 years  in  Mississippi.  This 
chemical  alone  did  not  perform  quite  so  well  as  did  a proprietary  product 
containing  a water  repellent. 

Rosin  amine  D pentachlorophenate  in  Stoddard  solvent  is  performing  less 
satisfactorily  than  is  pentachlorophenol  with  that  solvent  and  similar 
retentions.  Naval  stores  products  such  as  rosin  oil,  oleo  resin,  and 
drop  liquor  concentrate  with  petroleum  solvents  appear  to  have  limited 
value  as  preservatives  but  are  improved  by  the  addition  of  pentachlorophenol. 
Urea  (table  10)  has  also  shown  limited  protection.  Stakes  pressure  treated 
with  5.8  pounds  per  cubic  foot  had  an  average  life  of  9.1  years  in 
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Mississippi.  Other  products  showing  limited  preservative  value  in  the 
retentions  used  are  acrylonitrile  (cyanoethylation) , ammonium  hydroxide 
(thiamine  destruction),  amyl  phenyl  acetate,  capric  acid,  copper-8-quinolinolate 
(in  Stoddard  solvent),  diamyl  phenol,  DDT,  dodecyl  amine,  nickel  stearate, 
and  tributyltin  oxide  (in  Stoddard  solvent). 

An  indication  of  the  influence  of  size  of  test  stakes  can  be  noted  in 
table  6 where,  with  a coal-tar  creosote  retention  of  8 pounds  per  cubic 
foot,  1/2- inch  square  stakes  show  an  average  life  of  17  years  with 
100  percent  removed  in  21-1/2  years.  After  33-1/2  years,  1-1/2-inch 
square  stakes  show  100  percent  failures  with  an  average  life  of  26.6  years, 
while  2-  by  4-inch  stakes  show  30  percent  failures.  Also  of  interest 
in  table  6 is  the  performance  of  2 by  4 stakes  treated  with  3.3  pounds 
of  coal-tar  creosote  per  cubic  foot  which  show  an  average  life  of  24.9  years. 
With  a similar  retention  of  creosote,  but  with  the  preservative  applied 
in  dilution  (11.25  pet)  with  toluene,  the  stakes  show  an  average  life 
of  19.1  years. 

Nonpressure-treated  stakes. — Southern  pine  stakes  and  Douglas-fir  plywood 
stakes  treated  by  superficial  applications,  such  as  brushing  and  brief 
dipping  in  coal-tar  creosote  and  solutions  of  pentachlorophc  ol,  copper 
naphthenate,  zinc  naphthenate,  and  phenyl  mercury  oleate,  have,  in  general, 
lasted  1 to  4 years  longer  than  the  untreated  control  stakes.  Stakes 
dipped  for  15  minutes  in  coal-tar  creosote  had  a life  of  about  8 years 
in  Mississippi,  however.  For  the  plywood  stakes  in  which  the  veneer 
was  treated  by  dipping  or  long  soaking  in  the  preservatives  before  gluing, 
the  results  have  generally  been  more  favorable  than  for  plywood  similarly 
treated  after  gluing.  Stakes  soaked  18  hours  in  solutions  of  pentachloro- 
phenol  or  mixtures  of  chlorinated  phenols  have  lasted  5 to  10  years  in 
the  Canal  Zone.  In  the  United  States,  the  stakes  soaked  18  hours  in 
these  solutions  lasted  8 to  16  years.  Douglas-fir  plywood  stakes  treated 
by  brushing,  dipping,  and  18-hour  soaking  in  chloro-2-phenylphenol  solution, 
however,  have  lasted  only  a few  months  longer  than  the  untreated  plywood 
control  stakes.  Douglas-fir  plywood  stakes  treated  by  soaking  18  hours 
in  pentachlorophenol  solution  had  a life  of  5 years,  while  those  similarly 
treated  with  coal-tar  creosote  have  an  estimated  average  of  24  years. 

Pine  stakes  treated  by  soaking  in  urea  solution  have  lasted  about  1 to 
1-1/2  years  longer  than  the  control  stakes  in  Mississippi,  while  those 
similarly  treated  with  ureaf ormaldehyde  solution  have  lasted  about  3 
to  4 years  longer  than  the  controls. 

Pine  stakes  with  higher  retentions  of  copper  chromate  and  with  copper 
arsenate  applied  by  double-diffusion  have  continued  to  perform  well  after 
35  years  in  Mississippi.  Failures  thus  far,  however,  are  attributed 
to  poor  penetration  of  the  preservative. 
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Modif ied-Wood  Stakes 


Plywood  impregnated  with  phenolic  resin  (impreg)  and  impregnated  and 
compressed  (compreg)  has  been  considerably  more  resistant  to  decay  and 
termite  attack  than  untreated  plywood  of  the  same  species.  Plywood  stakes 
with  a low  resin  content  had  an  average  life  of  approximately  7 years 
and  those  with  a high  resin  content  lasted  12  years.  In  Douglas-fir 
plywood  stakes  with  phenolic-resin- impregnated  faces  and  untreated  cores, 
an  average  life  of  about  3.5  years  has  been  obtained,  and  somewhat  better 
results  have  been  noted  when  the  edges  of  the  plywood  have  been  protected 
with  a phenolic-resin  coating.  Southern  pine  2-  by  4-inch  stakes  impregnated 
with  a low  resin  content  had  an  average  life  of  12  years  while  those 
with  a higher  content  of  phenolic  resin  have  lasted  somewhat  longer. 

Laminated  paper  plastic  made  with  phenolic  resin  has  shown  limited  resistance 
to  decay  and  termite  attack,  with  the  life  of  the  stakes  averaging  about 
6 to  8 years.  Heat-stabilized  birch  and  maple  plywood  (staypak)  stakes 
have  lasted  about  4 to  6 years.  The  staypak  with  veneer  of  1/16-inch 
thickness  has  performed  better  than  that  with  1/8-inch  veneer,  presumably 
since  the  thinner  veneer  permits  a better  distribution  of  the  phenolic- 
resin  adhesive  in  the  plywood. 

Acetylated  birch  (laminated  veneer)  has  had  reasonably  good  resistance 
to  decay  and  termite  attack  with  an  average  life  of  17.5  years  in  Mississippi. 
Deterioration  is  due  principally  to  decay  fungi. 

Untreated  stakes  of  aspen  particleboard  installed  in  1973  are  now  destroyed 
with  an  average  life  of  2.5  years.  It  is  interesting  to  note  that  this 
material  treated  with  chromated  copper  arsenate  and  fluor  chrome  arsenate 
phenol  is  showing  less  degradation  than  that  treated  with  pentachlorophenol 
(Table  49). 

The  nontoxic  preservatives  propylene  oxide,  butylene  oxide,  and 
epichlorohydrin  in  combination  with  propylene  oxide  are  all  showing 
various  degrees  of  degradation  by  termites  and  decay  after  2 years  service 
(Table  50). 


NOTE 


CAUTION:  Pesticides  can  be  injurious  to  humans,  domestic  animals,  desirable  plants, 

and  fish  or  other  wildlife — if  they  are  not  handled  or  applied  properly.  Use  all 
pesticides  selectively  and  carefully.  Follow  recommended  practices  for  the  disposal  of 
surplus  pesticides  and  pesticide  containers. 

Mention  of  a chemical  in  this  report  does  not  constitute  a recommendation;  only  those 
chemicals  registered  by  the  U.S.  Environmental  Protection  Agency  may  be  recommended,  and 
then  only  for  uses  as  prescribed  in  the  registration — and  in  the  manner  and  at  the  con- 
centration prescribed.  The  list  of  registered  chemicals  varies  from  time  to  time; 
prospective  users,  therefore,  should  get  current  information  on  registration  status  from 
Environmental  Protection  Agency,  Washington,  D.C. 

Crankcase  oils  may  contain  chlorinated  naphthalenes,  which  have  been  reported  to  con- 
tribute to  "X-disease"  (hyperkeratosis)  in  cattle.  These  oils  are  therefore  not 
recommended  for  preservative  treatment  of  wood  with  which  cattle  may  come  in  contact. 
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Table  1. — Index  to  materials  tested 


Materials 

Existing  specification 
or  AWPA  reference 

Table  No 

Chemicals 

Acid  copper  chromate 

Fed.  Spec.  TT-W-546;  AWPa  P5 

15,  16,  46,  47 

Acrylonitrile 

— 

36 

Aldrin 

— 

41 

Anmonlacal  copper  arsenate 

Fed.  Spec.  TT-W-549;  AWPA  P5 

14,  47,  51,  52 

Atnmoniacal  copper  borate 

— 

52 

Ammonium  hydroxide 

— 

36 

Ammonium  sulfate-phosphate 

Navy  Spec.  51C38 

13 

Amyl  phenyl  acetate 

— 

14 

Basic  zinc  chloride 

— 

26 

Basil it  UA 

— 

30 

Boliden  salt  S-25 

— 

24 

Borax-boric  acid 

Navy  Spec.  51C38 

13 

Butylene  oxide 

U.S.  Patent  No.  3,985,721 

50 

Caprlc  acid 

— 

14 

Chloro-2-phenylphenol 

— 

5,  8 

Chromated  copper  arsenate 

AWPA  P5,  Type  A;  Fed.  Spec. 
TT-W-350  Type  I 

15,  47 

Chromated  copper  arsenate 

AWPA  P5,  Type  B;  Fed.  Spec. 
TT-W-550  Type  11 

20,  4 7 

Chromated  copper  arsenate 

Fed.  Spec.  TT-W-550  Type  III 

48,  49,  51 

Chromated  zinc  arsenate 

Formerly  In  Fed.  Spec.  TT-W-538; 
AWPA  P5 

4,  24 

Chromated  zinc  chloride 

Fed.  Spec.  TT-W-551;  AWPA  P5 

2,  16,  25,  35, 

Chromated  zinc  chloride,  copperlzed 

Formerly  In  Fed.  Spec.  TT-W-562; 
AWPA  P5 

31 

Chromated  zinc  chloride  (FR) 

AWPA  P10,  Type  B 

25 

Copper  arsenate 

AWPA  Proc.  1941;  pp.  23-31 

9 

Copper  chromate 

AWPA  Proc.  1941;  pp.  23-31 

9 

Capper-chrome  boron  (C6) 

U.S.  Patent  No.  3,007,844 

46 

Copper-chrome-phosphorue 

— 

48 

Copper  formate 

— 

34 

Copper  naphthenate 

AWPA  P8 

7.  12.  16,  17, 

Copper-8-<)iilnollnolate 

AWPA  P8 

38,  43 

Creoaoce,  coal-tar 

AWPA  PI;  Fed.  Spec.  TT-C-645 

9,  5,  6,  8 

16,  17,  18, 
31,  35,  47 

Creosote,  coal-tar  (English) 

— 

18,  519 

Creosote,  coal-tar  (low  temperature) 

— 

28 

Creosote , coal-tar  (Texas  lignite) 

— 

32 

Creosote-coal  tar  solution 

AWPA  P2;  Fed.  Spec,  tt-c-650 

18,  47 

Creosote-petroleum  solution 

Fed.  Spec.  TT-W-568 

18,  4 7 

Creosote  toluene 

— 

6 

Diamyl  phenol 

— 

14 

Dlchloro-dlphenyl-trlchloroe thane  (DDT) 

— 

14 

Dleldrln 

— 

41 

Dodecyl  amine 

— 

14 

Drop-liquor  concentrate 

— 

27 

Eplchlorohydrln 

U.S.  Patent  No.  3,985,921 

(Page 

1 


Table  1. — Index  to  materials  tested — continued 


Materials 

Existing  specification 
or  AWPA  reference 

Table  No. 

Chemicals — contl nued 

Fire  retardants 

53 

Fire  retardants 

AWPA  P10 

25 

Fluor  chrome  arsenate  phenol 

AWPA  P5 ; Fed.  Spec.  TT-W-535 

2,  33,  37,  47,  49 

Type  A 

Fluor  chrome  arsenate  phenol 

AWPA  P5;  Fed.  Spec.  TT-W-535 

47 

Type  B 

Fuel  oils 

— 

5,  17,  27 

Heptadecvlt  rime  thy ltetra-hyd ropy rimidine  (HTP) 

— 

44 

KP  (copper  oxide  and  chlorophenol) 

— 

35 

Lignite-tar  extracts 

39 

Mercuric  chloride 

— 

12 

Minalith 

AWPA  P10,  Type  C 

25 

Nickel-chromium-arsenic  salt 

— 

15 

Nickel-stearate 

— 

14 

Oleo  resin 

— 

27 

Paraffin 

— 

32 

Pentachlorophenol 

AWPA  P8;  Fed.  Spec.  TT-W-570 

5,  8,  12,  16,  17,  22, 

23,  27,  29,  31,  32, 

33,  41,  42,  43,  45, 

47,  49 

Petroleum  oils  (various  types) 

— 

17,  18,  21,  23,  45 

Phenyl  mercury  oleate 

— 

12 

Propylene  oxide 

U.S.  Patent  No.  3,985,921 

50 

Pyresote 

AWPA  PIC,  Type  D 

25 

Rosin  amine  D copper  acetate  complex 

— 

27 

Rosin  amine  D oentachlorophenate 

— 

22,  23 

Rosin  oil 

• 

— 

27 

Sodium  pentachloroohenate 

-- 

2 , 5 

Sodium  tet rachlorophenate 

— 

2 

Toluene 

— 

6 

Tributvltln  oxide 

— 

36,  41 

Urea 

— 

10 

Zinc-arsenate-chromium  salts 

— 

20 

Zinc  chloride 

— 

2,  4,  20,  26 

Zinc  naohthenate 

— 

7.  8 

Modi f led  woods,  plywood,  and  paper  plastic 

Acetylated  wood 

— 

14 

Cvanoethy lated  wood 

— 

36 

Ecrbedded  fiberboard 

— 

40 

Heat-stabilized  wood  (stavoak) 

— 

a 

Laminated  paper  plastic  (paprep) 

— 

ii 

Imp  rep  and  comp  re g 

— 

3 

Mold-infected  wood 

— 

31 

Part icleboard 

— 

49 

Plywood 

— 

3,  8,  16,  3)(  51 

Wood  with  thiamine  destroyed 

16 

(Page  2 of  2) 
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Condition  o*  stakes  late  in  19 1>- 


Servit eab  le  5ut 
show  in?  some-- 


Destro'ed  5y-- 


Decdv : Te t nj • e 
rung! : al t<v» 


Pci  : Pet  : Pet  : Pet 


Pet  : Sum-  : Pet 
: ber  : 


Sodium- pent  a- 
eh loroohenat  e 


100  : 6.9 

100  : 9.2 

100  : 14.2 

100  : 11.9 

100  : 12.  5 


Sodium  tetra- 
ch loroohenat* 


Fluor  chrome  .‘Canal 

arsenate  phenol — :La. 
Type  A :Fla. 

:Wls. 


Soil  fun  pent  a-  ; Canal 

chlornohena*  e andtla. 

S : FI  a . 

sod' hit  cS'orl.le— 


.92 

1.06 

.98 

10 

.93 

1.09 

.99 

10 

.92 

1.08 

.98 

10 

.93 

1.09 

.97 

10 

.86 

1.01 

.90 

10 

.24 

.27 

.25 

10 

.23 

.27 

.25 

10 

.23 

.28 

.25 

9 

.23 

27 

.25 

10 

.24 

.27 

.25 

10 

.47 

.56 

.51 

10 

.46 

.55 

.50 

10 

.47 

.55 

.51 

10 

.48 

.58 

.52 

10 

.47 

.55 

.50 

10 

.70 

.83 

.76 

10 

.71 

.83 

. 77 

10 

.68 

.83 

.76 

9 

.68 

.82 

.75 

10 

.67 

.81 

.75 

9 

.18 

(0.11) 

.22 

(0.14) 

.2o 

(0.12) 

10 

.19 

( .12) 

.22 

( .14) 

.20 

( .12) 

10 

.18 

( .11) 

.21 

( .13) 

.20 

( .12) 

10 

.18 

( .11) 

.21 

( .ID 

.20 

( .12) 

10 

.13 

( .08) 

.22 

( .14) 

.20 

( .12) 

10 

: .28 

( .17) 

.33 

( .20) 

. 10 

( .19) 

10 

: .28 

( .17) 

.32 

( .20) 

. 30 

( .19) 

10 

: .29 

( .18) 

.32 

( .20) 

.10 

( .19) 

10 

: .29 

( .18) 

.32 

( .20) 

. 10 

( .19) 

10 

.27 

( .17) 

.10 

( .19) 

.28 

( .17) 

10 

.53 

( .33) 

.66 

( .41) 

.60 

( .17) 

10 

.56 

( .35) 

.64 

( .40) 

.60 

< .17) 

13 

.57 

( .15) 

.65 

( .40) 

.61 

( . 18) 

to 

.57 

( .35) 

.65 

( .40) 

.61 

( .18) 

10 

.59 

( . 16) 

.68 

( .42) 

.65 

( .40) 

10 

.52 

.55 

.54 

10 

: .46 

.51 

.49 

10 

: .48 

.54 

.50 

n 

: .46 

.51 

. '.9 

10 

: .46 

.51 

.50 

n 

— 

__ 

— 

— 

— 

20 

80 

— 

— 

— 

— 

30 

— 

70 

— 

— 

— 

— 

— 

— 

100 

— 

— 

— 

— 

— 

-- 

100 

100 

100 

— 

— 

— 

— 

10 

— 

70 

— 





— 

— 

11 

89 









— 

— 

100 

— 

— 

-- 

— 

100 

— 

— 











100 
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— 

— 

— 

50 

— 

50 

— 

— 

— 

— 

50 

— 

50 

— 

-- 

— 

— 

10 

50 

40 

— 

— 

— 

— 

100 

— 

— 



__ 







30 

70 

— 

— 

— 



20 

— 

80 

— 

— 

— 

— 

too 

— 

— 

— 

— 

— 

— 

10 

— 

90 

— 

— 

— 

— 

100 

— 

— 





__ 



43 

60 

— 

— 

— 

50 

— 

50 

— 

— 

— 

.. 

100 

— 

— 

— 

.. 

— 

.. 

60 

— 

40 

no 

10 

70 

... 





... 

-- 

no 

— 

so 

10 

— 

40 

— 

— 

— 

— 

— 

no 

— 

— 

— 

— 

ion 

— 

— 

100  : .10.7 
80  : -22.0 
100  : 19.4 

100  : 16.4 


10  : 100  : ,15.6 

6 : 60  : -22.0 

10  : 100  : 21.6 

10  : 100  : 21.0 

10  : 100  : 14.3 

10  : 100  : 16.2 

4 : 40  : 

10  : 100  : 25.0 

10  : 100  : 23.4 

10  ; 100  5 4.8 

10  : 100  : 8.1 

9 : 100  : 11.3 

10  : 100  : 10.7 

10  : 100  : 11.4 


100  : 9.9 

100  : 10.9 

100  : 15.3 

100  : 15.1 

100  : 14.5 


10  : 100 
10  : 100 
10  : 100 
10  : 100 
10  : 100 


10 

100  : 

6.4 

10 

100  : 

11.7 

10 

100  s 

15.4 

10 

100  : 

18.0 

10 

100  t 

16.) 

10 

100  : 

14.2 

10 

100  : 

15.  * 

10 

100 

17. 

10 

100  ; 

24.1 

10 

100  t 

16.0 

10 

100  : 

8.7 

to 

103  ; 

1 1.  ) 

5 

50  : 

— 

n 

100 

16.  1 

to 

103  : 

16.8 

(Pape  I ot  .'I 
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Table  -’.--Condition  of  southern  pine  stakes  (2x4  In.  nominal  x lb  In.),  treated  with  chlorinated  phenols  and  with  tluot  chrome  arsenate 
ohenol-~Tvpe  A,  zinc  chloride,  and  chroaated  zinc  chloride,  alter  15  to  25  years  of  service.  Stakes  placed  In  test  at  Barro 


Colorado  I si  and , Canal  Zone,  September  1918;  BoRalusa,  l.a,,  Decembe 
fxperlWffltal  Forest.  Saucier.  Miss.,  December  19  39;  and  Madison,  Wrs 


1939;  Jacksonville.  Fla.,  January  19  39  ; Harrison 
November  19  39 — cont  inued 


Preservative  :Loca- 

: t ion 

Retention  of  salts— 

iuabe  x 

In 

test- 

Condition  of  stakes 

late  in  196>^ 

Iotal 

removed 

Ave  rage 

life 

Mini Bum 

Maximum 

Ave  rape 

Good 

Serviceable  but 
showing  some-- 

Destroyed  by — 

Decay 

fungi 

and 

termite 

attack 

Decav 

Terml  te 
attack 

Decay 

and 

termite 
at  tack 

fungi 

attack 

Pcf 

Pcf 

Pcf 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Num-  : Pet 

Yr 

ber  : 

Zinc  chloride  :Canal 

0.6k  (0.26) 

0.53  (0.32) 

0.47  (0.28) 

10 









30 

70 

10  : 100 

3.9 

:La. 

.45  ( .27) 

.55  ( .33) 

.50  ( .30) 

10 

— 

— 

— 

— 

30 

— 

70 

10  : 100 

8.1 

: P1  a . 

.45  ( .27) 

.53  ( .32) 

.49  ( ,.29) 

10 

— 

— 

— 

20 

— 

80 

10  : 100 

12.9 

: Ml  as . 

.45  ( .27) 

.54  ( .32) 

.50  ( .30) 

10 

— 

— 

— 

— 

40 

— 

60 

10  : 100 

15.4 

: Wia . 

.45  ( .27) 

.53  ( .32) 

.49  ( .29) 

10 

" 

" 

— 

100 

— 

" 

10  : 100 

18.2 

: Canal 

.70  ( .42) 

.82  ( .49) 

.76  ( .45) 

10 











100 

10  : 100 

3.9 

:La. 

.70  ( .42) 

.78  ( .47) 

.74  ( .44) 

10 

— 

— 

— 

— 

40 

— 

60 

10  : 100 

12.1 

:Fls. 

.71  ( .42) 

.82  ( .49) 

.75  ( .45) 

10 

— 

— 

— 

— 

40 

— 

60 

10  : 100 

13.5 

:Mlsa . 

.70  ( .42) 

.79  ( .47) 

.74  ( .44) 

10 

— 

— 

— 

— 

20 

10 

70 

10  : 100 

16.7 

:Wis. 

.65  ( .39) 

.8?  ( .52) 

.75  ( .45) 

9 

— 

— 

— 

— 

100 

— 

— 

9 : 100 

18.9 

;Canal 

.94  ( .56) 

1.08  ( .64) 

1.00  ( .60) 

10 











40 

60 

10  : 100 

4.0 

:La. 

.94  ( .56) 

1.08  ( .64) 

1.01  ( .60) 

10 

.. 



— 

— 

70 

— 

30 

10  : 100 

11.6 

: Fla. 

.95  ( .57) 

1.08  ( .64) 

1.02  ( .61) 

10 

— 

— 

— 

— 

20 

— 

80 

10  : 100 

15.4 

:Miaa. 

.94  ( .56) 

1.07  ( .64) 

1.00  ( .60) 

10 

— 

— 

— 

10 

— 

90 

10  : 100 

17.3 

:Wla. 

.93  ( .56) 

1.13  ( .68) 

1.02  ( .61) 

10 

” 

100 

— 

— 

10  : 100 

19.0 

: Canal 

1.40  ( .84) 

1.62  ( .97):  1.49  ( .89) 

10 









10 

90 

10  : 100 

7.3 

:Lm. 

1.44  ( .86) 

1.63  f .97) 

1.52  ( .91) 

10 

— 

— 

— 

— 

40 

— 

60 

10  : 100 

11.1 

: Fla. 

1.41  ( .84) 

1.62  ( .97) 

1.49  ( .89) 

10 

— 

— 

— 

— 

20 

— 

80 

10  : 100 

15.7 

: Miss . 

1.43  ( .85) 

1.63  ( .97) 

1.52  ( .91) 

10 

— 

— 

— 

— 

60 

— 

40 

10  : 100 

17.9 

:Wla. 

1.36  ( .81) 

1.74  (1.04) 

1.59  ( .94) 

10 

— 

" 

— 

100 

— 

— 

10  ; 100 

18.  7 

Chromated  sine  :Canal 

.45  ( .28) 

.55  ( .34) 

.49  ( .30) 

10 

— 

— 

— 

— 

— 

_ 

100 

10  : 100 

4.9 

chloride  :La. 

.46  ( .28) 

.55  ( .34) 

.49  ( .30) 

10 

— 

— 

— 

— 

40 

10 

50 

10  : 100 

8.6 

:*la. 

.45  ( .28) 

.53  ( .33);  .49  ( .30) 

8 

— 

— 

— 

— 

25 

— 

75 

8 : 100 

14.  3 

: Mias . 

.45  ( .28) 

.55  ( .34) 

.49  ( .30) 

10 

— 

— 

— 

— 

30 

10 

60 

10  : 100 

14.2 

'.Wia . 

.43  ( .26) 

.53  ( .33):  .47  ( .29) 

10 

” 

" 

" 

100 

— 

— 

10  : 100 

16.9 

:Canal 

.70  ( .43) 

.81  ( .50):  .76  ( .47) 

10 





__ 

__ 

__ 

— 

100 

10  : 100 

7.2 

: La. 

. 70  ( .43) 

.80  ( .49) 

.76  ( .47) 

10 

— 

— 

— 

— 

40 

— 

60 

10  : 100 

10.6 

: Fla. 

.73  ( .45) 

.81  ( .50) 

.77  ( .47) 

9 

— 

— 

— 

— 

11 

— 

89 

9 : 100 

14.3 

:Mlee. 

.72  ( .44) 

.81  ( .50) 

.76  ( .47) 

10 

— 

— 

— 

— 

40 

— 

60 

10  : 100 

20.2 

:Wie. 

.70  ( .43) 

.86  ( .53) 

.80  ( .49) 

10 

~ 

" 

— 

— 

100 

-- 

" 

10  : 100 

14.  7 

:Canal 

.95  ( .58) 

1.11  ( .68) 

1.02  ( .63) 

10 





„ 

_ 

10 

__ 

90 

10  : 100 

6.6 

:La. 

.93  ( .57):  1.07  ( .66) 

1.00  ( .62) 

10 

— 

— 

— 

— 

40 

— 

60 

10  : 100 

u. » 

: Fla. 

.96  ( .59) 

1.09  ( .67) 

1.02  ( .63) 

10 

— 

— 

— 

10 

20 

— 

70 

9 : 90 

-17.0 

:Mlss. 

.96  ( .59):  1.09  ( .67) 

1.02  ( .61) 

10 

— 

— 

— 

— 

50 

— 

50 

10  : 100 

20.1 

:Wls. 

.89  ( .55)?  1.13  ( .70) 

1.02  ( .63) 

10 

" 

" 

“ 

100 

-- 

" 

10  : 100 

18.2 

Dot  rested  controls  :Canal 







10 





— 





100 

— 

10  : 100 

.7 

rLa. 

— 

— 

— 

10 

— 

— 

— 

— 

20 

20 

60 

10  : 100 

2.9 

: Fla. 

— 

— 

— 

10 

— 

— 

— 

— 

— 

10 

90 

10  : 100 

2.8 

:Mlss . 

— 

— 

— 

10 

— 

— 

— 

— 

— 

60 

40 

10  : 100 

2.9 

:Wla . 

— 

— 

— 

10 

— 

— 

— 

— 

100 

— 

— 

10  : 100 

5.7 

•^Retention  values  In  parentheses  ere  based  on  preservative  oxides. 

—10  stakes  were  originally  installed  at  each  test  station.  This  nuriiti  has  since  been  reduced  either  beceuae  of  failure  to  locate  the  stakes 
at  the  t lee  of  the  inspection  or  because  of  damage  bv  fire. 

■^Tfnal  lnsoectlon  at  Canal  Zone  February  1954;  at  Louisiana  December  1958;  at  Tlorlda  Dec  embe  r I960;  at  Wisconsin  October  1961;  and  at 
MisslssipM  December  1961. 

^Cstlaate  based  on  percenters  o*  stakes  remaining  after  Hnal  inspection. 

—detention  values  based  on  sodluai  oent  ach  lorophenate  only.  Sodlu*  chloride  added  was  equal  to  20  pet  of  weight  of  sodium  pent  achlorophenate 
In  solution. 


n.lltl.-n  ■’  ilir  iiIvw.hi.I  -.[  ,ii>es  and  irsln  Impregnate)  si  iti-s,  set  lanuatv  Wi<t)  on  the  Han  Ison  l.»pti  Im-iiHl  retest, 
S41K  Iri.  II ss  . , 4*  1 f r ah  cut  / ye  a 1 s servli  <■ 


rrouo 

Stake 

Treat  vnl 

Aup  roxi - 

Nine- 

u 

ndlt Ion  of  st 

kes  lanuary  19b/ 

Total 

Ave  r age 

average 

In 

C.00  d 

Servl 

1 cable 

l)«at  rayed  by-- 

ROI 

Ue<  ay 

Termite 

at  tack 

and 

decay 

Decay 

f ungl 

Te  rml  te 
at  t ack 

T e rml  t e 
at  tack 
and 
da  cay 
t ungl 

Pcf 

PLYWOOD- 

Pet 

Pet 

Pi  t 

Pet 

Pet 

Pet 

Num- 

ber 

Pet 

Yr 

i 

1-1-40  to 
1-10-40 

Each  plv  Impregnated  with  a 50  pet  aqueous 
solution  of  phenolic  resin,  slowly  dried, 
and  cured  for  1 day  at  220*  F.  Bonded 
with  phenolic- realn  film. 

10 

8 

16 

62 

8 

100 

12.4 

2 

2-1-40  to 
2-10-40 

Sane  as  group  1 except  that  a 25  pet 
solution  was  used. 

5 

(0 

- 

" 

60 

— 

s0 

10 

100 

6.8 

3 

3-1-40  to 
3-10-40 

Face  piles  Impregnated  as  In  group  1 and 
bonded  to  an  untreated  core  with 
phenollc-resln  fils. 

-10 

10 

— 

— 

— 

— 

100 

-10 

100 

3.3 

4 

4-1-40  to 
4-10-40 

Face  piles  impregnated  as  In  group  2 and 
bonded  to  an  untreated  core  with 
ohenollc-resin  Ills. 

ii 

10 

— 

— 

100  : — 

? 

iio 

100 

3.5 

5 

5-1-40  to 
5-10-40 

Same  as  group  2 except  that  edges  ol  speci- 
mens were  given  a protective  treatment  by 
dlpolnp  In  a phenolic  resin  containing 

15  pet  alcohol. 

iio 

10 

30 

70 

iio 

100 

4.9 

6 

6-1-40  to 
6-10-40 

Same  as  group  4 except  that  edges  were 
protected  as  In  group  5. 

9 

— 

— 

— 

22 

45 

33 

-!« 

100 

9.3 

7 

7-1-40  to 

Untreated  piles  bonded  with  phenollc-resln 

— 

10 

_ 

— 

— 

— 

70 

30 

10 

100 

1.9 

7-10-40 

film. 

8 

8-1-40  to 
8-10-40 

Untreated  plies  bonded  with  hot -press  urea 
resin. 

" 

10 

— 

— 

— 

— 

70 

30 

10 

100 

1.9 

9 

9-1-40  to 

Untreated  piles  bonded  with  casein  glue 

— 

10 

-- 

— 

— 

— 

90 

10 

±!0 

100 

1.0 

9-10-40 

( FPl.  formula  4B) 

10 

10-1-40  to 

Untreated  plies  (yellow  birch)  bonded  with 

10 

— 

— 

-- 

10 

30 

60 

10 

100 

1.9 

10-10-40 

ohenollc-resin  *llm. 

11 

11-1-40  to 

Untreated  . ont ro ls--so 1 1 d wood 

— 

10 

— 

— 

— 

— 

80 

20 

10 

100 

2.4 

11-10-40 

(1/4  by  4 by  18  In.).  : 

STAKES  ( IKPREO)— 

12 

12-1-40  to 

Impregnated  same  as  group  1. 

10 

10 

— 

10 

10 

50 

30 

8 

80 

12-10-40 

13 

13-1-40  to 

Impregnated  samr  as  group  2. 

5 

10 

— 

— 

— 

50 

50 

10 

100 

11.7 

1 3-10-40 

14 

14-1-40  to 

< ont  role-- tort  rested  . 

10 

— 

— 

20 

80 

10 

100 

2.7 

14-10-40 

t t>»(P HESSE f>  PI  YW00D  ((  OMPREC.) 

7 

19 

15-1-40  to 
15-  1-40 

Douglas- f 1 1- -al  1 plies  lnmregnai  e 1 as  In 
groun  |,  dried  and  assembled  wlthm.t  the 
use  0*  glue  '»n  a hoi  nress  at  110"  F and 
1,000  pounds  pressure  pet  snuare  Inch. 

10 

1 

100 

15-4-40  to 
15-6-40 

Yfll.w-tiiinNi  all  plies  1 mp  t egnal  e>l  and 
impressed  the  ..«mr  as  lot  Douglas-f  1 r . 

10 

1 

: — 

: — 

11 

: 

67 

: ) 

: 100 

19.5 

^6ot>  latm  In  grume  1 i»»  9 «ir  l-r*l  1 4*  'It,  in  troiio  10, 

fates  at>J  4 1 /H  In,  inrr.  •oelmrns  In  group  ll  are  solid  On 

-lm  fMir  hasel  <»n  treated  *4*rs. 

■^OtitrlnrJl  Ion  prln>  ImII»  in  res. 

^r.nar  4*04141  l >n  nl  piles  bad  a 1 %•  'tied. 

Glased  -n  estimated  Ilf*  f . >r*4lrif  * --rakes 

ye  1 1 mw  h 
■g 1 as- fir 

In  si/r. 

1 r . h . 
174 

They 
x 4 x 

are  1/4  s 4 x 18  In 
18  In.  In  site. 

In  s 1 1 

and  made  ul 

1/16-1 

. 

1 

-*  f>r  • 

■m  o*  hot  * 

Done  las  •!»  and  »» 1 1 ow- pool  ar  made  of  !•  IM 

h-ln  piles. 

• mp  irs 

sei  to 

a t h l k ness 

f 1 8 In 

Mr* 

ol  spe 

imrns 

L. 


»'8  ■ 4 a |4  In. 

*»Tf  - remaining  • r » ■ '*  !•*>  Insprit  wrif  faken  ip  and  tfsri  in  1 hr  s.«®r  general  si*a 


Table  S 


■ ,'n'1 1 1 1 ot<  si"i(  bfrn  nine  stakes  (2  x 4 in.  n ni:ln.il  k 18  In.  )t  treated  wlih  c ti  1 m 1 nat  tJ  phenols  and  <oal-tat  creoiota . iltlf 

l *)  Co  16  years  uf  setvl.e,  Stakes  place  d In  te-.t  .it  8, nr'  1 . ■ 1 ■ > r .nl.>  Islam!,  (anal  /.unf  . February  1941;  tomluM,  la.. 

Matth  1941,  I a>  k s mvl  I le  , Via.,  Mat  ■ D 1941,  and  Hurls. >n_  I »^if  i Imtnt  .il  Purest,  Saucier.  Miss.,  February  1941 


1 rese  rvat l ve 

Luc  a- 

Ket 

ent 1 on 

s 

Nurahe  i 

t ond 1 1 ion  ot 

slakes  December  1976— 

Total 

A ve  r aga 

test-- 

Min  1 amtn 

Max ( mum 

S»U 

IV.  av 

'win#  soc 

Termite 
at  l at  k 

lie.  ay  : fungi 
and  : 

t e r mi  i e : 
attack  : 

Te  i ml  le 
a( t ack 

Decay 

fungi 

and 

t e rml  t e 

attack 

Pci 

Pc* 

Pet 

Pet 

Pi  t 

Pet 

Pet  : Pet 

Pet 

Pet 

Nua- 

Pet 

Yr 

be  r 

Sodium  pent ach iorophenate 

(ana  1 

0.  2 i 

0.27 

0.  25 

10 

__ 





__  ; 

60 

40 

10 

100 

6.4 

I.a. 

.2  1 

.26 

. '6 

lO 

— 

— 

— 

— : 10 

— 

90 

10 

100 

10.0 

Fla. 

.2  1 

.26 

.25 

9 

— 

— 

-- 

— : — 

— 

100 

9 

100 

14.5 

Miss  . 

.2  1 

.2b 

.25 

1(1 

- 

" 

" 

— : 20 

80 

10 

100 

16.9 

i ana  1 

. 11 

. >4 

. 1 » 

to 

__ 

-- 



; 

10 

90 

10 

100 

10.9 

l.a. 

. 11 

. 14 

. 11 

10 

— 

— 

— 

— : 

— 

100 

10 

100 

10.4 

Fla. 

. 12 

. 14 

. 1 1 

8 

— 

— 

-- 

— ; — 

12 

88 

8 

100 

16.3 

Ml  9S  . 

. 11 

. 14 

. 1 1 

10 

— 

— 

" 

— : 20 

— 

80 

10 

100 

19.5 

1.  ana  1 

.47 

.55 

.51 

10 



__ 



. 

20 

80 

10 

100 

12.9 

l.a. 

. 4K 

.54 

.51 

10 

— 

— 

— 

: — 

— 

100 

10 

100 

15.5 

Fla. 

.47 

.54 

.50 

10 

-- 

— 

— 

50  : — 

— 

50 

5 

50 

— 

Miss  . 

.47 

.55 

.51 

10 

" 

— 

— 

— : 10 

— 

90 

10 

100 

21 . 1 

('anal 

.71 

.81 

. 77 

10 



__ 



— : 50 

20 

JO 

10 

100 

14.3 

l.a. 

.72 

.82 

. 77 

8 

— 

— 

— 

50  : -- 

— 

50 

4 

50 

— 

Fla. 

. 72 

.81 

. 77 

10 

— 

— 

— 

80  : — 

— 

20 

2 

20 

— 

Miss. 

.72 

.83 

.77 

10 

~ 

— 

— 

— : — 

" 

100 

10 

100 

26.2 

(anal 

.92 

1.09 

.99 

10 

_ 

— 



— : 70 

— 

30 

10 

100 

14.2 

l.a. 

.92 

2.09 

.99 

7 

— 

— 

— 

57  ; — 

— 

43 

1 

4) 

— 

Fla. 

.91 

1.10 

.99 

9 

— 

— 

— 

100 

-- 

— 

— 

— 

— 

Miss. 

.93 

1.08 

.99 

10 

" 

— 

" 

40  30 

-- 

30 

6 

60 

— 

Sodium  pent ach lorophenat e and 

C an  a 1 

.41 

.47 

.44 

10 

— 

— 

— 

— ; — 

20 

80 

10 

100 

11.1 

■odium  chromate;  chemical  ratio 

la. 

.41 

.47 

.44 

10 

— 

— 

— 

: 

— 

1(70 

10 

100 

15.6 

3.24:1 

Fla. 

.40 

.47 

.44 

9 

— 

— 

— 

44  : — 

— 

56 

5 

56 

— 

Mias. 

.40 

.47 

.44 

10 

— 

” 

— 

--  • — 

100 

10 

100 

23.0 

Sodium  pmatachlorophanate  and 

(Aral 

.54 

.62 

.58 

10 

— 

— 

— 

— : -- 

100 

10 

100 

12.8 

borax;  chemical  ratio 

l.a. 

.54 

.62 

.58 

9 

— 

— 

— 

— : 11 

89 

9 

100 

11.4 

1:0.  76 

Fla. 

.5) 

.62 

.57 

H 

— 

— 

— 

: 

— 

100 

8 

100 

17.9 

Mias. 

.54 

.61 

.58 

10 

" 

— 

" 

: 20 

80 

10 

100 

21.0 

1:2 

Canal 

. 71 

.80 

. 75 

10 



__ 



— ; — 

— 

too 

10 

100 

12.2 

La. 

.71 

.81 

.75 

10 

— 

— 

— 

— : Id 

90 

10 

100 

9.9 

Fla. 

.72 

.82 

.76 

10 

— 

— 

— 

100 

10 

100 

12.9 

Miss. 

.71 

.80 

.75 

10 

— 

~ 

-- 

— . — 

100 

10 

100 

18.8 

1:1.52 

Canal 

.78 

.88 

.81 

10 



__ 



50 

50 

10 

100 

13.0 

La. 

. 77 

.88 

.83 

10 

— 

— 

-- 

li  i 

70 

10 

100 

10.0 

Fla . 

.79 

.86 

.82 

9 

— 

-- 

— 

--  ; 

UK) 

9 

100 

16.7 

Mias. 

.79 

.87 

.81 

10 

— 

— 

" *•  — 

100 

10 

100 

18.9 

1:3 

Canal 

.91 

1.06 

.98 

10 







..  j -- 

100 

10 

100 

11.3 

La. 

.90 

1.07 

.98 

10 

— 

— 

— 

— : 10 

90 

10 

100 

9.0 

Fla. 

.92 

1.05 

.98 

10 

— 

— 

— 

-- 

100 

10 

100 

13.2 

Mlaa. 

.92 

1.06 

.98 

10 

— 

— 

10 

90 

10 

100 

16.1 

1:2.27 

Canal 

1.00 

1.19 

1 .09 

10 

_ 

— 

— : 

100 

10 

100 

12.  7 

La. 

1.01 

1 . 16 

1.09 

10 

— 

— 

— 

--  20 

8(1 

10 

100 

9 .9 

Fla. 

1.01 

1.18 

1.09 

10 

— 

— 

-- 

— 

100 

10 

100 

15.6 

Mlaa. 

1.01 

1.18 

1.09 

10 

- 

— 

— 

" : — 

100 

10 

100 

18.6 

1:1.50 

Canal 

1.17 

1.  12 

1.25 

10 

__ 

__ 

.. 

10 

♦0 

10 

100 

12.8 

La. 

1.17 

1.  12 

1.25 

10 

— 

-- 

— 

— ; 

100 

10 

100 

14  6 

Fla. 

1.17 

1.  12 

1.25 

10 

— 

— 

— * 

20  : !:) 

70 

8 

80 

-70.0 

Mlaa. 

1.17 

l.  11 

1.25 

10 

— 

— 

— 

10 

10 

80 

10 

100 

70  9 

i 

t 


<»*•§# 


n 
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M I1  c ■ 


' 1 - l .. 


ter 


i i cs  I'i-i  I'mlirr  1 4 '!■ 

• l .Jest  r 'kj 


S oc t pent ach loropbenol  in 
oil—  and  naphtha: 
1-minute  dip 

18-hour  soaking 


S o>t  pentachlorophenol  »n 

sovhean  oil,  naphtha  and  fuel 


i-minute  dip 
18-hour  soaking 


J8-bour  soak  inir- 


; Lanai : 

: l a . 

: FI  a . : 

:Mlss . : 

: f an  a 1 : 
:1a.  : 

: F 1 a . 
-.Miss . : 

: t an  a 1 : 
:La.  : 
: FI  a . 
:Mlss . : 


.b 

.b 


2.  1 

1.9 


.S 

. 7 


: •ernlte:  Jo  d' 
uttar-  1 un^l 
and 

■tvc" lie 
■ at  t a - «. 


J.b 

2.8 

1.0 

1.0 


al  ; . er  jpe 

v e d : lire 


1 pet  pentachlorophenol  ♦ 2 pet 


and  fuel  oi 1 
1-minute  dip 


18-hour  soaking 


l pet  pentachlorophenol  4-  2 pet 
rhloro-2-phenvlphenol  In  solve 
of  80  oct  mineral  spirits  and 
20  oct  moisture  repellent: 
1-mlnute  dip 


18-hour  soaking 


Untreated  controls 


t an  a 1 : 

2.1  : 

i. ; 

2.8 

10 

— 

-- 

— : 

— 

--  : 

— 

la. 

2.1 

1.9 

2.8 

in 

— 

— 

: 

— 

10  : 

— 

via.  : 

2.  1 

1.2 

2.  7 

10 

— 

-- 

: 

— 

- : 

— 

Miss.  : 

2.1  : 

1.5 

2.8 

10 

" 

— 

--  : 

— 

: 

( anal  : 

1 . 1 

3.0 

2.  1 

in 



__ 

— : 

— 

— : 

10 

La. 

1.8 

2.6 

2.  i 

(Cl 

-- 

— 

— : 

— 

20  : 

— 

Fla.  : 

1.8 

.8 

2 . » 

8 

— 

— 

: 

— 

12  : 

10  : 

— 

Miss . : 

1.1 

2 . 8 

2.2 

10 

" 

" 

• 

— 

10 

( an  a 1 : 

.9 

1.6 

1.2 

10 

— 

— 

— : 

— 

- : 

too 

la.  : 

.9 

1 .to 

1.2 

10 

— 

— 

— 

— 

40  : 

-• 

Fla.  : 

. ; 

l .6 

1.2 

10 

— 

— 

— 

10  : 

10 

Miss. : 

.b 

1.8 

1.2 

10 

-- 

— 

— 

— 

20  : 

20 

:L  ana  1 : 

2.b 

4.0 

3.  1 

10 

__ 



— 

— 

— : 

10 

:L».  : 

2 . S 

4.0 

3.  1 

10 

— 

— 

— 

— 

10  : 

— 

: F 1 a . 

2.  1 

3.9 

3. 1 

H 

— 

— 

— 

" 

12  : 

— 

:Miss . : 

2.6 

4.4 

3.  1 

10 

— 

" 

. ( ana  1 : 

.b 

.9 

.8 

10 

-- 

: 10  . 

90 

: Le . : 

.1 

.9 

_ 7 

10 

— 

— 

— 

— 

: F 1 a . 

.b 

.9 

8 

10 

— 

" 

— 

: 20  : 
in  - 

10 

:C  anal : 
:1a. 

:F  la . 
:Mlss. : 

:l  anal : 
tie.  : 
: Fla.  : 
: Miss . : 


2. 1 
2.1 
2.1 
2.1 


4.6 
4.9 
S . 1 


1.4 

3.4 

1.4 
1.4 


in 

— 

— 

10 

— 

— 

10 

— 

— 

10 

-- 

~ 

10 



— 

10 

— 

— 

10 

— 

— 

n 

— 

— 

JO 

20 


10 


— : 100 

SO  : 20 

10  : 20 

40  : 10 


I*,,.,,  dn.  cl,emW„l  toe  .odium  oenl  erh  I nr  nphen  .tie  .Inn,  u,  ml»ed  chemli.l.  .nd  on  >.l|h.  ol  »oW.ton  lo.  oil,.. 

treatments.  Values  '.»r  stakes  nrtptnallv  Installed. 

„,k,»  „.r,  otlrlo.llv  tn.t.l  ltd  lo  ...I,  thl.  number  h»  .Ini.  b«n  reduced  either  He. ««  ol  (.Hole  lo  lo..„  , ,ld.i  ..  >h. 
time  o t the  inspection  or  he«  arise  <•»  damage  hv  Mre. 

’•I0.ll  inner. non  .1  .met  Zone  l«.nrv  «W,  el  '.rV.onvl l le  le.eoher  lon'l,  *nd  .1  neieemer  • 

1...  ■ * ue  I .ill  ‘lot  ho.  s lm  e '.een  'nun.l  to  'me  .1  dm  1 1 1 niton  i.nite  loel  Ih.n  I'm  Ol  lvpi-.il 


—furi  based  mrf  renorte* I e»rlier  as  ‘ *«» 

No.  ‘ *>iel  alls. 

H st  i mar  e .used  upon  -er.eniaite  stakes  re--  a 
f'»  1 »ent  1 outline*  I :»  • f t s‘  eh  e in  «•»  1 * 


mg  attr 
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rd 

• urn-  . 

F.  t 

\ r 

:be  r : 

13  : 

10 

130  : 

2 . 7 

20  : 

1 > . 

UJ 

4.2 

88 

8 : 

1 30  : 

b.O 

73 

10 

100  : 

3.2 

100  : 

1 1 

1 )0  : 

9 . 1 

67  : 

9 

100  : 

8 . 4 

100  : 

to 

100  . 

11.9 

IM  : 

10 

100  : 

12.9 

; 

10 

100  : 

1.  1 

: bJ 

10 

100  : 

4.0 

: 8b  : 

7 

100  : 

b . 4 

: 40 

10 

100  : 

4.9 

: 100 

so 

100  : 

10.4 

: 70 

10 

130  : 

7 . to 

: 100 

10 

100  : 

12.2 

: 100 

10 

100  : 

Ito  . 1 

70 

10 

100 

7.0 

80 

10 

100  : 

b . 1 

88 

8 

100  • 

9 . 8 

80 

10 

100  . 

11  .9 



10 

100 

2.  1 

: 60 

10 

100  . 

4.1 

: 80 

10 

100  . 

b.O 

; 60 

10 

100  : 

b.  3 

90 

10 

100  : 

9 .0 

: 90 

10 

100 

7.2 

88 

8 

100  . 

13.8 

: 100 

10 

100  . 

1 1.8 

10 

10 

too 

1 .6 

70 

10 

100 

3.9 

70 

13 

: 100  . 

2.8 

: b0 

10 

: 100  : 

3.6 

10 

: 10 

100 

4.8 

100 

10 

100 

9 . 2 

80 

10 

: 100  : 

9 .t> 

: 70 

: 10 

: 100 

12.  7 

. 

: 10 

100 

1.2 

10 

: 10 

100 

2.2 

; 70 

10 

|0(> 

1.8 

: 10 

• 10 

100 

2.  J 

Table  6 .--Condition  of  southern  pine  9takes  of  different  sizes,  treated  with  coal-tar  creosote,  toluene,  and  creosote- 
toluene  mixtures,  after  35-1/2  years  of  service.  Stakes  placed  In  test  on  the  Harrison  Experimental 
Forest.  Saucier.  Miss..  Mav  1941 


Creosote  only 


Tab  !e  7 . — Condition  of  southern.  pine  stakes  <2x4  in  nominal  x 18  In.;,  treated  with  copper  naphtber.ate  ar.o  zinc  r.apr  ‘ •■er.a>  t , 
a*ter  at*  out  3S  years  o(  service.  Stakes  placed  ir  test  at  Madison,  Wjs.,  October  1941. anc  or.  Harrlsor,  Lxpe  nut-.:  d. 
Forest.  Saucier,  uiss..  Februarv  1942 


■Average  retention  baaed  cm  9 stakes. 


Tabl«*  crd  1 r : or.  of  treated  *ive-plv  exterior  Douglas-fir  plvwood  stakes  (approximately  1 \ >.  x 18  ir,.'  at  fina 

arproxlir.ar  e . y 22  vears  o(  exposure.  Stakes  placed  In  test  or  tbe  Harrls^r.  Fxpe  ri  men!  al  Forest,  Saucier, 
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—Estimate  based  on  condition  of  stakes  at  final  inspection. 


Treatment 


Total 

1-0  f An  f 1 

Average  :Num- 

CAtpnf 1 nn  *hp  r 

Condition  of  stakes  late  in  1958 

Total 

1C  LCIlL  X XII I 

of  urea 

1C  LCUl  X XIII  • lie  I 

of  urea  : In 

Good 

Serviceable 

Destroyed  by — 

or  ^ 
solids— 

solids^-  : 

but  show ing 
some  decay 

Decay :Te rmlte : Decay 
fungi :attack  : fungi 
: : and 

: rtermlte 

: : at  tack 

Lb 

Pc  f 

Pet 

Pet 

: Pet  : 

Pet 

Pet 

: Num- : 

Pet 

Yr 

:ber  : 

INSTALLED 

1942 

2 

2 days'  soaking—  :Hlss,: 

4.7 

3.4 

: 10  : 

; 



: — : 

10  : 

90 

: 10  : 

100  : 

3.4 

:Wls.  : 

4.7 

: 3.4 

: 10  : 

— : 

— 

: 100  : 

2 

— 

: 10  : 

100  : 

8.1 

2 

4 days'  soaking—  :Hiss.: 

6.9 

: 5.0 

: 10  : 

; 



: — : 

20  ; 

80 

: 10  : 

100  ; 

3.3 

:Wls.  : 

6.9 

: 5.0 

: 10  : 

— : 

— 

: 100  : 

— 

— 

; 10  ; 

100  ; 

8.0 

2 

6 days'  soaking—  :Hlss.: 

10.2 

7.4 

: 10  : 

; 



; ; 

20  : 

80 

: 10  : 

100  : 

2.9 

:Wls.  : 

10.2 

7.4 

: 10  i 

— ; 

— 

: 100  : 

— : 

— 

: 10  ; 

100  ; 

; 6.0 

B — (thermosetting) : Hiss . : 

9.9 

7.1 

: 10  : 

. 



. ; 

20  : 

80 

: 10  : 

100  : 

4.5 

1 :Wls.  : 

2 days'  soaking 

9.9 

: 7.1 

: 10  : 

— : 

— 

: 10  : 

— 

— 

: 10  : 

100  : 

: 12.5 

B — (thermosetting) :Klss . : 

11.2  : 

8.1 

: 10  : 

; 



: — : 

; 

100 

: 10  : 

100  ; 

5.1 

\ . , . . : Via . : 

4 days  soaking 

11.2 

: 8.1 

: 10  : 

2 

— 

: 100  : 

— 

: 10  : 

100  : 

13.1 

B^—  (thermosetting) :H1s8 . : 

11.7 

8.4 

: 10  : 

; 



; ; 

10  2 

90 

: 10  : 

100  : 

5.6 

6 days'  soaking  • 

11.7 

: 8.4 

: 10  : 

2 

— 

: 100  : 

2 

: 10  : 

100  : 

15.2 

Untreated  controls  :Mlaa.: 





: 10  : 

• 



• . 

20  : 

80 

: 10  : 

100  : 

1.8 

:Wls.  : 

— 

— 

: 10  : 

— : 

— 

: 100  : 

— : 

— 

: 10  : 

100  : 

4.8 

INSTALLED 

1946 

Urea  resin,  : : 

: : 

: : 

4 

pressure—  :Hlss.: 

— : 

5.8 

: 10  : 

— : 

— 

: 10  : 

— : 

90 

: 10  : 

100  : 

9.1 

-Calculated  total  retention  of  urea  or  solids  for  22  stakes. 

■^Treating  solution  made  up  to  1.15  parts  of  urea  to  1.00  part  of  water  by  weight. 

-Solution  made  up  of  380  parts  urea,  344  parts  of  37  pet  formaldehyde  solution,  231  parts  of  water,  6 parts 
of  sodium  hydroxide,  and  39  parts  of  borax  by  weight. 

4 

—Treated  with  buffered  urea-formalin  mix  (2  to  1 formaldehyde-urea  ratio)  at  a resin  solids  content  of 
30  pet. 
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T ab 1 e 11.- -Condition  of  high-strength  laminated  paper  plastic  (paprefi)  stakes  (1/ri  x 4 x 14  in.)  and 
heat-stab  1 1 1 zed  plyv/ood  (stavpak)  stakes  (4  x 18  In.)  of  several  thicknesses  after  7 to 
8 years  of  service.  Stakes  placed  In  test  on  the  Harrison  Experimental  Forest, 

Saucier.  Miss. 


Stake  No. 


Compos 1 t ion 


Num- 

ber 

In 

test 


Condition  of  stakes  December  19S0 


Destroyed  by-- 


: Ave  rage 
life 


Decay 

fungi 


Number : 


Te rod  te 

Decay  fungi 

at  t ack 

and  termite 

at  tack 

Number:  Pet 

Number:  Pet 

Yr 

LAMINATED  PAPER  PLASTIC  (PAPREG)  — INSTALLED  DECEMBER  2,  1942 


1 to 

10 

37.0  pet  phenolic  resln^-  + 2 pet  hardener, 
4.7  pet  volatile  matter 

: 10  : 

7 

70 

— 

— : 

3 

10  : 

7.4 

11  to 

20 

31.6  pet  phenolic  resliA  + 2 pet  hardener, 
4.4  pet  volatile  matter 

: 10  : 

3 

30 

1 

10  : 

6 

60  : 

5,6 

21  to 

30 

41.0  pet  phenolic  reslrr^-  + 2 pet  hardener, 
4.6  pet  volatile  matter 

: 10  : 

7 

70 

— 

— : 

3 

30  : 

8.0 

31  to 

40 

37.0  pet  phenolic  reeln^*  + 2 pet  hardener, 
4.7  pet  volatile  matter  with  surface  j 
sheets  using  42.6  pet  phenolic  resin,— 

2 

4.6  pet  volatile  matter— 

: 10  : 

7 

70 

3 

30  : 

7.2 

41  to 

50 

37.0  oct  phenolic  resin—  + 0.5  oct  oleic 
acid,  4.7  pet  volatile  matter 

: 10  : 

4 

40 

1 

10  : 

5 

50  ; 

7.6 

HEAT-STABILIZED  PLYWOOD  ( STAY PAK) —INSTALLED  JUNE  4.  1943 


19-1  and  : 20  piles  1/16-ln.  birch  bonded  with  phenolic  : 

2 : 

— 

— : 

1 

50  : 

1 

50 

4.5 

19-2  s resin  and  compressed  to  thickness  of  : 

: 1/2  In.;  specific  gravity  1.37  : 

HEAT-STABILIZED  PLYWOOD  (STAYPAK)— INSTALLED  DECEMBER  6.  1943 


S-l  to 

: 32  plies  1/16-in.  birch  bonded  with  phenolic  : 

5 : 

2 

40 

— 

— 

—3 

60  : 

S-5 

: resin  and  compressed  to  thickness  of  : 

: 1 In.,  specific  grsvlty  1.33  : 

21-1  to 

: 10  plies  l/8-ln.  maple  bonded  with  phenolic 

5 : 

— ; — 

- : — : 5 

: 100  : 

21-5 

: resin  and  compressed  to  thickness  of 

: 5/8  In.;  specific  gravity  1.36 

-^Alcohol-soluble . 

2 

—Single  surface  sheet  on  each  side,  coated  side  out. 
•^Heavy  swelling  at  edges  due  to  moisture  absorption. 
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BUM 


copper  naphthenate,  and  mercuric  chlor  ide.  at  final  mbpei  t ion  atm  .()  y«-<jts  t seivi,r,  p 1 e.l  in  test 

December  1 9 A 3 on  the  Harrison  Experimental  Forest,  Samlet,  Miss, 


Preservat ive 

Treatment 

Average 

Num- 

Condition  of  stakes 

Deceiver  19b) 

Total 

Aver  age 

of 

in 

r.uod 

Serviceable  but 

Destroyed  by — 

Decay 

Termite 
at  tack 

Decay 

and 

t e rml  te 

attack 

fungi 

at  tack 

1 ungl 
and 

t e rmi te 

at  lack 

Pcf 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Num- : Pet 

ber  : 

Yr 

Phenyl  mercury  oleate 
(percentage  In  naphtha 
solvent ) : 


• 

0.4 

: 3- min.  dip  : 

1.40 

: 10  : — : — : 

— : 

— : --  . 

20  : 

80 

: 10 

100  : 

J.tt 

.4 

: 18-hr.  soaking: 

3.20 

: 10  : — : — : 

- : 

— : 10  : 

30  : 

60 

: 10 

100  : 

5.0 

.4 

: Pressure  : 

5.90 

: 10  : — : — : 

- : 

— : — : 

10  : 

90 

: 10 

100  : 

6. 7 

.4 

: do : 

12.10 

: 10  : — : — : 

” = 

— : 30  : 

~ : 

70 

: 10 

1D0  : 

8.8 

.2 

: 18-hr.  soaking: 

3.  10 

: 10  : — : — : 

- : 

— : 10  : 

JO 

60 

: 10 

100  : 

4.4 

.2 

: Pressure  : 

6.00 

: 10  : — : — : 

--  : 

JO  : 

70 

: 10 

100  : 

5.6 

.2 

: do : 

11.80 

: 10  : — : — : 

--  = 

- : - : 

30  : 

70 

: 10 

100  : 

6.2 

.1 

: 18-hr.  soaking: 

3.60 

: 10  : — : — : 

— : 

40  : 

60 

10 

100  : 

4.5 

.1 

: Pressure 

5.90 

: 10  : — : — : 

— : 

- : - : 

30  : 

70 

10 

100  : 

4. 7 

.1 

: do : 

11.60 

: 10  : — : — : 

; 

: — : 

40  : 

60 

10 

100  : 

5.2 

i.4 

3-atln.  dip  ; 1.20  ; 

10  ; 

- 

- 

60 

40 

: 10 

100 

4.0 

i.l 

: 18-hr.  soaking:  6.00  : 

10  : 

- : 

- : 

- 

- : 

20 

80 

: 10  : 

100 

5.5 

i.l 

: Pressure  : 6.10  : 

10  : 

--  : 

- : 

- : 

- 

10  : 

40 

50 

: 10  : 

100 

6.2 

i.  1 

: do : 12.00  : 

10  : 

- : 

-- 

- 

- : 

10 

90 

: 10  : 

100 

8.4 

Pent ach lorophenol  (5.0  pet  In 

do : 12.10  : 

10  : 

--  : 

--  : 

--  : 

40 

20  : 

.. 

40 

6 

60 

-20 

plne-oll  naphtha  (1:12) 
solvent ) 

— : 

- 

Copper  naphthenate  (0.5  pet 

10  : 

• 

--  : 

--  : 

70 

20  : 

.. 

10 

: 3 : 

30 

copper  metal  in  naphtha 
solvent ) 

Mercuric  chloride  (1.0  pet 

: V-min.  dtp  : .014 

10  : 

— : 

— : 

: 

— 

— : 

50 

50 

: 10  : 

100 

4.8 

in  water) 

: : (dry  salt ) : 

: 18-hr.  soaking:  .072  ; 

10  : 

— : 

— : 

— : 

— 

— : 

20 

80 

: 10  : 

100 

7.5 

: - ( dry  salt): 

Untreated  controls 

10  : 

- : 

- : 

- 

— 

- i 

60 

<•0 

: 10 

100 

2.0 

—Solution  contained  16  pet  solids  as  a water  repellent. 


■^estimate  based  on  percentage  stakes  remaining  after  final  Inspect  Ion. 

NOTE--The  stakes  remaining  In  test  after  the  1952  Inspection  were  taken  <ip  and  reset  In  the  same  general  area. 


i 
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Table  13. — Condition  of  southern  pine  stakes  (2x4  in.  nominal  x 18  In.),  treated  with 
fire-retardant  chemicals,  after  7 years  of  service.  Stakes  placed  in  test 
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G 

0) 
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“H 
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G 

a[ 

x 

w 

g 
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P 

P 

G 

G 

P 

G 

o 

CO 

Os 


0) 

Of 


«0 

G 

1 

H 

P 

4-4 

1 

G 

*H 

1 

> 

iH 

1 

< 

,, 

.. 

• • . 



.. 

1 

.. 

1 

1 

1 

t -rl  0) 

1 

1 

p | 

1 

60  P 

1 

CJ 

1 

G *H 

1 

PH 

1 

3 0 

a; 

1 

CO 

1 

4-»  p 

a 

I 

a) 

1 

G 

c0 

1 

• • 

O 

I 

l 

>.  p 

p 

J 

P 

(0 

m 

1 

i 

CO 

p 

1 

G 

P 

os 

i 

a x) 

G 

i 

Xi 

cn 

rH 

i 

X) 

a)  G 

i 

E 

l 

Q c0 

1 

3 

4-4 

P 

1 

XJ 

1 

U5 

o 

g 

i 

G 

• • •• 

• • 

• • 

• • 
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Preservative^ 

Average 
retention 
of  preaer- 

Num- 

ber 

in 

Condition  of  stakes 

December  1976 

Total 

removed 

Average 

life 

Good 

Servlceabl 

but 

Destroyed  by — 

dry  salt 

** 

Decay 

Termite 

attack 

Decay 

and 

termite 

attack 

fungi 

attack 

flSJgl 

and 

termite 

at  tack 

Ammoniac a 1 copper  arsenate 
(Ped.  Spec.  TT-W-549) 
(percentage  In  solution) 

0.612  2<o.59> 

Pcf 

0.25  (.24) 

10 

Pet 

Pet 

10 

Pet 

PINE 

Pet 

STAKES 

60 

Pet 

30 

Pet 

Pet 

Num- 

ber 

3 

Pet 

30 

Yr 

1.29  (1.24) 

.53  (.51) 

10 

— 

100 

— 

— 

— 

— 

— 







2.57  (2.48) 

1.00  (.97) 

10 

100 

— 

— 

— 

— 

— 

— 







3.21  (3.10) 

1.29  (1.25) 

10 

100 

— 

— 

— 

— 

— 

— 

- 

— 

- 

Aayl  phenyl  acetate 

(percentage  In  Stoddard 
aolvent) 

0.37 

.10 

10 

100 

10 

100 

6.7 

.93 

.25 

10 

— 

— 

— 

— 

— 

— 

100 

10 

100 

8.5 

1.85 

.50 

10 

— 

— 

— 

— 

-- 

40 

60 

10 

100 

10.0 

Caprlc  acid  (percentage  la 
Stoddard  aolvant) 

0.37 

.10 

10 

10 

30 

60 

10 

100 

5.0 

.93 

.25 

10 

— 

— 

— 

— 

10 

20 

70 

10 

100 

5.3 

1.84 

.50 

10 

— 

— 

— 

-- 

— 

10 

90 

10 

100 

5.5 

Dlamyl  phenol  (percentage 

In  Stoddard  aolvent) 

0.37 

.10 

10 

10 

90 

10 

100 

5.8 

.90 

.25 

10 

— 

— 

— 

— 

— 

10 

90 

10 

100 

8.4 

1.76 

.51 

10 

— 

— 

— 

— 

" 

10 

90 

10 

100 

11.4 

DDT  (Dlchloro-dlphenyl- 
trlchloroe thane) 
(percentage  In  Stoddard 
aolvent) 

1.25 

.35 

10 

100 

10 

100 

7.1 

2.7 

.74 

10 

— 

— 

— 

70 

— 

30 

10 

100 

9.0 

Dodecyl  amine  (percentage 

In  Stoddard  aolvent) 

0.37 

.10 

10 

20 

80 

10 

100 

5.4 

.93 

.25 

10 

— 

— 

— 

— 

— 

— 

100 

10 

100 

5.7 

1.85 

.50 

10 

— 

— 

-- 

10 

90 

10 

100 

6.8 

Nickel  atearate  (percentage 
in  coal-tar  naphtha) 

0.33 

.10 

10 

10 

90 

10 

100 

5.6 

.93 

.27 

10 

— 

— 

— 

— 

30 

— 

70 

10 

100 

4.9 

1.85 

.52 

10 

— 

— 

-- 

— 

10 

10 

80 

10 

100 

5.5 

Untreated  controle 

- 

10 

- 

-- 

- 

- 

- 

40 

60 

10 

100 

2.1 

Acetylated 



10 



YELLOW  BIRCH 

(LAMINATED) * 

— : 90 

10 

10 

100 

17.5 

Untreated  controls 

- 

10 

- 

— 

-- 

— 

10 

20 

70 

10 

100 

2.7 

*All  stakes  except  laminated  yellow  birch  wars  praaaure  treated. 


^Aaonlacal  copper  arsenate  solution  and  retention  figures  In  parentheses  are  oxides  (CuO  and  Aa  ,0^) . 

Prepared  fro*  6-ply,  paral lei- laalnated , acetylated  1/16-  In.  veneer  glued  with  hot  press  phenolic  resin. 
Average  acetyl  content  19.?  pet  based  upon  ovendry  weight  of  wood.  Untreated  controls  prepared  fro* 
untreated  veneer. 

MOT E-  The  stakes  remaining  In  test  after  the  195?  Inspection  were  reset  In  the  isar  general  area 


-28- 


Table  15. — Condition  of  southern  pine  stakes  (2x4  In.  nominal  x 18  in.),  treated  with  acid  copper  chromate,  chromated 

copper  arsenate  type  I,  and  nlctcel-arsenic-chromium  aalt9,after  31  years  of  service.  Stakes  placed  In  test 
on  the  Harrison  Experimental  Forest,  Saucier.  Mlaa . . December  1945 
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-detention  values  In  parentheses  based  on  preservative  oxides. 


Table  14.-- Condition  of  staltaa  al  Do^Ut-tu  plywood,  treated  «un  .fvrui  *uod  preserver lwtt  richer  Mow  gL«-W  of  rt« 

)l  ^*a~ts  '<  >«rw_,».  stakes  placed  in  t_«i  Hexnbn  1945  on  : i.,  n.i  i i s»n _ l *_p  «r  imeni  al  F-  r r.t  , ....  »et,  Hi»» 


Preservat ive 

Iteatment 

Plywood^ 

Num- 

Veneer  : 

:ber 

thick- 

: of 

ness 

: pi les 

Luil  (.[  creosote 


Average 
rerent  ton 
ot  preser- 
2 . i 


Condition  of  stakes  I'rirnbcr  1 V t> 
bervi.eable  but  Destroyeu  bv  - - 


IolaJ  Average 

removed  III* 


bervl.eable  but  Destroyed  bv  - - 

showing  iOM  - - 

Decay  Termite:  Decay 

Detav. fernlte:  0e»  av  fungi  attack  fungi 
■attack  and  and 

: termite  lermite 


ku«-  pi t . Yr 
bar 


PLYWOOD  FROM  VENEER  TREATED  BEFORE  CLUINO 


Copper  naphthenate, 
(.2  pet  copper 
metal ) In  coal-tar 
naphtha 


Pentach lorophano 1 . 

5 pet  In  No.  2 
fuel  oil 


7 : 

1/8 

30.9 

: 10  : 

90  : 

10  : 

— 

— : 

— : 

— 

: 

--  : --  : 

4 

Heat ing- 

and  l-hr.  cold  bath: 

7 : 

1/8 

12.6 

: 10  : 

„ : 

__  : 

__ 

100 

10  ; 

20 

70 

10  100  10.2 

Cold  soaking,  24  hr 

13  : 

1/16 

12.9 

: 10  : 

— : 

--  • 

— 

— : 

” 

8.4 

. 10  : 

: Dipping, 

10  sec.  : 

11  : 

1/16 

5.1 

: 10  : 

— : 

— : 

100 

— . 

— 

- : - : - 

7 : 

1/8 

4.6 

9 . 

13  : 

1/16 

15. 5 

9 

100  : 

.. 

: 

— : — . 

10.2 

. 10 

40  . 

30  : 

10 

: Heat  ln*^ 

and  1-hr.  cold  bath: 

7 : 

1/8 

6.7 

: 10 

20  : 

10  : 

10 

50 

10  . 

- 

: — 

1 : 10 

13  : 

1/16 

10.  1 

: 10 

90  : 

10  : 

-- 

— 

"** 

~ 

■ 

- - 

7 : 

1/8 

6.2 

. 10 

30  : 

20  . 

-- 

30 

— 

: 

: Dipping, 

10  tec  : 

13  : 

1/16 

4.2 

: 10 

10  : 

10  . 

80 

— . 

— 

20 

2.8 

: 10 

--  : 

10 

— 

50 

— 

13  : 

1/16 

21.4 

: 10 

10  : 

90 



10 

2 : 20 

7 

1/8 

18.2 

: 10 

— : 

— : 

— 

80 

: Heating-  and  1-hr.  cold  bach: 
: Cold  eoaklng,  24  hr. 


: Dipping,  10  sac . 


io  100  15  8 


Chroma ted  sine 
chloride 


-.Heating—  and  1-hr.  cold  bath: 
:Steaplng,  24  hr . 


Dipping,  10  aac . 


Acid  copper  chrosate 


: Heating  and  1-hr.  cold  bath: 
: Steeping,  24  hr . 


.Dipping,  10  see . 


t1.02  (0.62)  B 
-1.06  ( .65)  10 

98  ( 60) . 10 

1.07  ( 65)  8 

1 . 84  ( 1 . 1 2 ) 9 

.59  ( 16)  10 

1.10  ( .74).  10 

.61  ( 17)  10 

66  ( .40) : 10 
)5  ( .21)  10 


. 76  ( . 18)  9 
. 79  ( 19)  10 


b;  i * i)  10 

61  1 101  10 

27  I 111  m 

18  ( 191  10 


10  100  2V8 

10  . too  10  I 


10  . 100  17  0 
III  Ilk'  21  b 


|0  I I HI  ..  I 

io  too  io  a 


laule  16-  -Condition  oi  stakes  oi  Pouglas-fir  jiivwooJ.  treated 
(I  jrji,  ..I  ,fiv  Kf . _ placed  in  t.si  In  • 

wit  . Several 

abet  1943  » n 

wood  pre»ei  j1-  • • . • 1 ' - 1 
the  Harris  Exper inetical  1 

‘k  : r. 

t ,t:.i  gl  J . 

at  ter 

: l 

Preservative  : ireatment  : P 1 wood 

Average 

• Nun-  • t ••  ;td  1 1 1 *1‘  1 1 

'lake* 

-hr  U ■ 

lotal 

c erag> 

i lie 

: Nun-  • Veneer 

i e t e n 1 1 u n 
. f preser- 

Of 

De»tr."  ed 

- - 

:ber  :thick- 

-ie>t-  ■*««•*  in*  >one 

: ol  • ness 

: : p 1 ies : 

. De  jv : 1 ermi t e : 
ittack 

Dec  a* 
and 

termite 

.III  ack 

lungl  at ‘ ack 

tungi  • 
and 

. termite: 

attack  : 

. ; ; In  - 

Pci 

get  • Es i 

Pvt 

Pci  • Pci 

Pet  hum- . Pci 

- 6 « t 

i : U 

loal-tar  . reosote  :Pre*sure 

: Hot  bath , 1 hr.,  and  cold 
: bath,  1 hr. 

;Cold  soaking,  24  hr. 

: Dipping.  10  see. 


(.upper  naphlhenale,  Pressure 
(2  per  copper 

metal i in  coal-tsr  :Hol  bath,  l hr.,  and  cold 
naphrha  bath,  1 hr . 

: Cold  soaking,  24  hr. 

: Dipping,  10  acc . 


PLYWOOD  IRtAlED  AFTER  CLUING 


5 : 1/8  14.6 

5 1/8  : 2.0 

5 : 1/8  : 5.3 

5 ; 1/8  - -1.0 

5 : 1/8  : 2.9 

5 : 1/8  : 1.2 

5 : 1/8  : 1.1 

5 : 1/8  .4 


: 10  : 90  : 10  ; : 

: 10  : — --  : — • 100 

: 10  : — : --  = — = 

: 4 : - : - : - = ~ 

: 10  . — : — : — : 20 

: 10  : — s — : " : 


20  : 30 

— : bO 

40  : 10 

60 

SO  : 

60  : 


30  : 10  : 100  : 11.  3 

SO  8 100  : 5.4 

30  : 8 80 

40  : 10  100  : 12.8 

SO  : 10  : 100  : 1J.B 

40  . 10  : 100  . 10.5 


Pentachlorophenol , : Pressure 

S pet  In  Ho.  2 

fue|  ol|  : Hoc  bath,  1 hr.,  end  cold 

: bath,  1 hr. 

:Cold  soaking,  24  hr. 

‘.Dipping,  10  sec. 


Chromated  rinc 
chlor lde 


: Pressure 
-.Steeping.  24  hr. 
: Dipping.  10  sec . 


S : 1/8 

5 ; 1/8 

S : 1/8 

S : 1/8 

S : 1/8 

S : 1/8 

5 : W8 


12.5 

2.1 


.7 


: 10 
: 10 


-.62  ( .38):  10  : 
.35  ( .21):  10  : 
.03  ( .02):  10 


60  : 10  - 100 


10  : 
20  : 


70  . 10  : 100  8.1 

70  : 10  100  : 1.8 

60  : 10  10t)  17.  4 

60  : 10  : 100  . 8.2 

60  ; 10  : 100  . 4.0 


Acid  copper  chromate  : Pressure 

: Steeping,  24  hr. 
: Dipping,  10  sec. 


S : 1/8  .*6  l -23):  10  : 

S : 1/8  ■ .28  ( .14):  10  : 

5:1/8:  .06  ( .03) : 10  : 


None 


:U nc  reseed 

: do 


13  : 1/16  : 

7 : 1/8  : 


: 10  : 
: 10  : 


20  : 30  20  : 

--  : 10  : 40 

; 10  : 60 


30  : b 50  . 

50  : 10  100  : 5.3 

30  : 10  : 100  8.2 


SO  : SO  10  : 100  : 3.7 
so  50  : 10  : 100  : 3.6 


^Plywood  glued  with  hot  pres#  phenollc-resln  adhesive. 

!o,l,  of  dty  ,,U  «b.ofb*.f  by  21-  * )8-ln.  plyvooj  p.ofl.  St.k..  »«ff  cut  I ro.  plvvood  P««t.  -'».r 
dipped  in  fh.  pre.erv.tlv.  before  ln.t.ll.tlon  of  tbe  .t.kee 
-detention  values  In  parentheses  based  on  preserve! Ive  oxides. 

^Veneer  heated  In  drver  and  then  submerged  for  1 hr . in  unheeted  preservative. 

^Approximate  values. 

6Veneer  treated  prior  to  drying. 

»pe.  iseo.  delaminated  and  were  eliminated  Irom  test. 


and  all  edge*  esposed  during  cutting 


V I'age  ' ot 


Tab le  17. — Condition  of  southern  pine  stakes  (2x4  In.  nominal  x 18  In.),  treated  with  various  petroleum  oils,  pentachlorophenol 
solution  copper  naphthanata  solution#,  coal-tar  creosote,  and  mixtures  of  these  preservat Ives,  af let  about 
20-1/2  years  of  service.  Stakas  placed  In  test  on  the  Harrison  Experimental  Forest,  Saucier,  Miss.,  and  a t 
Bogaluaa,  La . , April  1940 


Oil  or  preservative 

Loca- 

tion 

Average 

Number 

lnl 

test- 

Condition  of 

stakes  December  1976~ 

Total 

Average 

Good 

Serviceable  but 

Destroyed  by — 

* 

De 

He 

Decay 

Termite 

attack 

Decay 

and 

termite 

attack 

fungi 

attack 

fungi 

and 

termite 

attack 

Pcf 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Num- 

ber 

Pet 

Yr 

nfortlfled  petroleum  oil: 

Commercial  areas  tic  solvent 

Miss. 

4.1 

10 

— 

— 

— 

— 

10 

— 

90 

10 

100 

2.4 

(Mid-United  States) 

La. 

4.1 

10 

— 

— 

— 

— 

20 

80 

10 

100 

2.9 

Stoddard  solvent  (Mid-United  States) 

Miss. 

4.0 

10 

— 







10 

20 

70 

10 

100 

2.2 

La. 

4.0 

10 

— 

— 

10 

20 

70 

10 

100 

2.8 

No.  2 fuel  oil  (Mld-Unlted  States) 

Miss. 

4.1 

10 



__ 



10 

10 

80 

10 

100 

4.4 

La. 

4.0 

10 

— 

— 

70 

30 

10 

100 

4.1 

Heavy  thermal  side  cut 

Miss. 

4.2 

10 











10 

90 

10 

100 

3.5 

(Mld-Unlted  States) 

La. 

4.2 

10 

— 

— 

— 

— 

30 

— 

70 

10 

100 

4.6 

No.  200  Diesel  oil  (West  Coast) 

Miss. 

4.0 

10 

_w 







20 

20 

60 

10 

100 

4.8 

La. 

4.0 

10 

-- 

— 

80 

— 

20 

10 

100 

4.6 

Catalytic  gaa-baae  oil  (West  Coast) 

Miss. 

4.0 

10 

— 





40 



60 

10 

100 

7.6 

La. 

4.0 

10 

— 

— 

— 

— 

60 

— 

40 

10 

100 

7.7 

Miss. 

8.0 

10 

— 

— 

— 

— 

30 

— 

70 

10 

100 

14.6 

La. 

8.0 

10 

— 

10 

— 

so 

20 

— 

20 

4 

40 

— 

Miss. 

12.0 

10 

— 

-- 

— 

— 

40 

— 

60 

10 

100 

17.1 

La. 

11.9 

8 

— 

25 

-- 

63 

12 

"" 

2 

12 

— 

No.  300  fuel  oil  (Weat  Coaet) 

Miss. 

4.2 

10 

__ 







90 



10 

10 

100 

3?.l 

^.5 

La. 

4.2 

10 

— 

— 

-- 

20 

80 

-- 

— 

8 

80 

No.  MX)  fuel  oil  (Weat  Coast) 

Miss. 

4.2 

10 

__ 

__ 





80 

__ 

20 

10 

100 

5.8 

La. 

4.2 

10 

— 

— 

90 

-- 

10 

10 

100 

5.5 

Light  gas  oil  (Mid -United  States) 

Miss. 

4.1 

10 

— 

__ 





50 

__ 

50 

10 

100 

6.7 

La . 

4.1 

10 

— 

— 

— 

— 

60 

-- 

40 

10 

100 

6.0 

Denver  No.  3 blend  (50-30  topped  crude 

Miss. 

4.0 

10 







60 

__ 

SO 

10 

100 

6.5 

residual  and  recycled  overhead  gas  oil) 

La. 

4.0 

10 

-- 

-- 

— 

80 

20 

10 

100 

3.9 

Heavy  gaa  oil  (Mld-Unlted  Stetee) 

Miss. 

4.0 

10 







100 





10 

100 

12.9 

La. 

4.0 

10 

— 

— 

— 

60 

SO 

— 

— 

4 

40 

— 

Mlaa. 

7.9 

10 

— 

— 

— 

30 

70 

— 

— 

7 

70 

— 

La. 

7.9 

9 

— 

)3 

-- 

67 

— 

— 

-- 

— 

-- 

— 

Miss. 

12.1 

10 

— 

10 

— 

80 

10 

— 

1 

10 



La. 

12.1 

5 

60 

40 

— 

-- 

— 

— 

— 

— 

Lube  oil  extract  (Texas) 

Mlaa. 

4.1 

10 







... 

100 

10 

100 

12.0 

La. 

4.2 

8 

63 

25 

12 

) : 37 
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Table  17. --Condition  of  southern  pine  stake*  (2  a 4 In.  nominal  x 18  In.),  treated  with  various  petroleua  oils,  pentachlorophenol 
solution  copper  naphthenate  solutions,  coal-tar  creosote,  and  alxtures  of  these  preservat 1 ves. af ter  about 
7ft-l/2  years  of  service  Stakes  placed  in  test  on  the  Harrison  Experimental  Forest,  Saucier.  Hiss.,  and  at 
Bogaluaa,  La. , April  1948 — continued 


Oil  or  preservative 

Loca- 

Average 

Number 

Condition  of 

stakes  December  1976“ 

Total 

Average 

1 

test- 

Good 

Serviceable  but 

Destroyed  by* — 

• 

Pe 

T a 

De 

Decay 

Termite 

attack 

Decay 

and 

termite 

attack 

fungi 

attack 

fungi 

and 

termite 

attack 

Pcf 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Num- 

ber 

Pet 

Yr 

Fortified  petroleua  oils  and  alxtures: 

CoMerclal  aroaatlc  solvent  (Mid -United 

Miss. 

4.2 

10 

— 

— 

— 

— 

— 

— 

100 

10 

100 

10.9 

States)  with  5 pet  pentachlorophenol 

La. 

4.2 

10 

-* 

— 

-- 

10 

— 

90 

10 

100 

8.5 

Stoddard  solvent  (Mid-United  States) 

Miss. 

4.0 

10 



— 





10 



90 

10 

100 

13.  7 

with  S pet  pentachlorophenol 

La. 

4.0 

10 

— 

-- 

” 

— 

20 

— 

80 

10 

100 

8.8 

No.  2 fuel  oil  (Mld-Unlted  States)  with 

Miss. 

4.0 

10 









10 

10 

80 

10 

100 

H.9 

5 pet  pentachlorophenol 

La. 

3.8 

10 

— 

— 

-- 

20 

— 

— 

80 

8 

80 

^2.5 

Heavy  thermal  aide  cut  (Mid-United 

Hiss. 

4.0 

10 









20 

80 

10 

100 

14.0 

State#)  with  5 pet  pentachlorophenol 

La. 

4.0 

10 

“ 

— 

— 

10 

— 

90 

10 

100 

10.6 

No.  200  Oleeel  oil  (West  Coast)  with 

Miss. 

4.1 

10 







10 



90 

10 

100 

17.0 

5 pet  pentachlorophenol 

La. 

4.1 

10 

-- 

~ 

“ 

50 

— 

50 

5 

50 

— 

Catalytic  gee-base  oil  (West  Com»t ) 

Miss. 

4.1 

10 







— 





100 

10 

100 

16.3 

with  3 pet  pentachlorophenol 

La. 

4.1 

8 

— 

— 

— 

88 

12 

— 

— 

1 

12 

— 

Miss. 

8.0 

10 

— 

— 

— 

-- 

10 

— 

90 

10 

100 

21.3 

La. 

7.9 

8 

— 

12 

— 

88 

— 

— 

— 

-- 

— 

— 

Miss. 

12.0 

10 

— 

— 

— 

4C 

20 

— 

40 

6 

60 

— 

La. 

12.0 

9 

-- 

56 

— 

44 

— 

— 

-- 

— 

— 

— 

No.  300  fuel  oil  (West  Coast)  with 

Miss. 

4.0 

10 









80 



20 

10 

100 

14.6 

5 pet  pentachlorophenol 

La. 

4.1 

8 

-- 

12 

-- 

51 

12 

-- 

25 

3 

37 

— 

No.  400  fuel  oil  (West  Coast)  with 

Miss. 

4.2 

10 





— 

— 

40 



60 

10 

100 

n.» 

5 pet  pentachlorophenol 

La. 

4.2 

9 

— 

— 

22 

22 

56 

7 

78 

—12.5 

Light  gaa  oil  (Mld-Unlted  States)  with 

Miss. 

4.0 

10 

— 











100 

10 

100 

15.6 

5 pet  pentachlorophenol 

.La. 

4.2 

10 

— 

— 

— 

50 

— 

50 

5 

50 

— 

Denver  No.  3 blend  (50-50  topped  crude 

Mias 

4.0 

10 

-- 

-- 

-- 

10 

70 

-- 

20 

9 

90 

residual  and  recycled  overhead  gae 

La. 

4.0 

7 

-- 

-- 

-- 

86 

14 

— 

20 

9 

14 

oil)  with  5 pet  pentachlorophenol 

Heavy  gas  oil  (Mld-Unlted  States)  with 

.Hiss. 

4.1 

9 



-- 



67 



— 

33 

3 

33 

— 

5 pet  pentachlorophenol 

La. 

4.1 

a 

— 

12 

— 

88 

-- 

— 

— 

— 

— 

— 

Miss. 

7.9 

10 

-- 

— 

— 

90 

10 

-- 

— 

1 

10 

- - 

La. 

7.9 

6 

— 

33 

— 

67 

— 

— 

— 

— 

— 

— 

Mias. 

12.0 

10 

10 

30 

— 

50 

10 

— 

— 

1 

10 

— 

.La. 

12.0 

5 

60 

— 

— 

40 

— 

— 

— 

— 

— 

— 
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Oil  or  preservative 

Loca- 
t ion 

Average 
i etent  ion 

Number 

,nl 
test  - 

Oood 

Condition  of  slakes  1 

Stn  ireablv  out 

ec ember  I4  7br 

Destroyed  by  — 

Tot  al 
r iw.ivi'd 

Average 

1 tie 

| 

Decay 

Termite;  Decay 
attack  : and 

: termite 
: at  lack 

Dei  ay 
fungi 

Termite 
at  t at  k 

Dei  ay 
fungi 
and 

termite 
at  t ack 

Pci 

Pet 

Pet 

Pet  Pit 

Pet 

Pci 

Pet 

Num- 

Pci 

Yr 

her 

Fortified  petroleum  oils  and  mixtures; 

--cont lnued 

Lube  oil  extract  (Texas)  with 

Ml  ss  . 

4.2 

10 

-- 

> - 

: 40 

50 

— 

to 

6 

bO 

-- 

5 pet  pentachlorophenol 

La. 

4.2 

8 

-- 

- - : 1 00 

'• 

-- 

Catalytic  gas-base  oil  (West  Coast)  with 

Miss. 

4.2 

10 

-- 

-- 

... 

70 

10 

20 

10 

1 00 

U.3 

copper  naphthenate  (0.5  pet  copper 

La 

4.2 

10 

10 

- - : 60 

10 

20 

3 

JO 

-- 

metal) 

Catalytic  gas-base  oil  (West  Coast)  with 

Miss. 

4.4 

8 

-- 

--  . 

75 

25 

H 

100 

17.4 

copper  naphthenate  (0.75  pet  copper 

l.a . 

4.2 

8 

13 

13 

: 62 

12 

-* 

l 

12 

met al) 

Coal-tar  creosote 

4.1 

10 

__ 



: 

70 

— 

30 

10 

100 

14.2 

4.1 

10 

-- 

-- 

— ; 50 

40 

" 

10 

5 

50 

Coal-tar  creosote,  50  pet,  and  catalytic 

Miss. 

4.1 

10 

.. 

--  : 10 

50 

-- 

40 

4 

40 

gas-base  oil  (West  Coast)  with  5 pet 

La . 

4.1 

8 

-- 

: 62 

-- 

-- 

38 

3 

3« 

pentachlorophenol , 50  pet  by  volume 

Coal-tar  creosote,  50  pet,  and  catalytic 

Miss  . 

4.2 

10 

--  : 10 

40 

-- 

4 

40 

gas-base  oil  (West  Coast)  with  copper 

La . 

4.3 

10 

-- 

40 

10 

-- 

-• 

1 

10 

naphthenate  (0.5  pet  copper  metal) 

50  pet  Dy  volume 

Coal-tar  creosote,  25  pet,  and  catalytic 

Miss. 

4. 1 

10 

90 

10 

10 

100 

14.6 

gas-base  oil  (West  Coast)  with  copper 

La . 

4.2 

8 

-- 

-- 

: 50 

38 

-- 

12 

4 

50 

naphthenate  (0.75  pet  copper  metal). 

75  pet  by  volume 

Catalytic  gas-base  oil  (West  Coast)  with 

Miss. 

4.2 

10 

- - : 30 

20 

10 

40 

7 

70 

5 pet  pentachlorophenol,  50  pet,  and 

la  . 

4.2 

4 

100 

■“ 

catalytic  gas-base  oil  (West  Coast) 

with  copper  naphthenate  (0.5  pet 

copper  metal),  50  pet  by  volume 

Untreated  controls 

Miss . 

__ 

10 

__ 

__ 

_ _ . 

20 

20 

60 

10 

100 

2 2 

La . 

— 

10 

-- 

"" 

— ; 

— 

100 

10 

100 

2.8 

-10  stakes  were  originally  Installed  at  each  test  station.  litis  number  has  since  been  reduced  because  of  tallute  to  locate  the  stakes 
at  the  time  of  Inspection. 

^tlnal  inspection  at  Bogalusa  November  1462. 

Estimate  based  on  percentage  of  stakes  remaining  alter  final  inspection. 
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ond  It  i».u  ul  southern 

pine  stakes  tJ  x •*  Ir 

. nominal  x lb  in.),  treated 

with  v u l«>us  ■ ■ ia  1 - t .» r 

< 1 i OS  utfh 

.J 

. i eosote  aolut  Iona, 
and  on  the  Harrison 

tier  about  IS  y 
Experimental  Fo 

ars 

t Service . .stakes  placed  ;i.  test  at  Ma  J 1 sc»n,  W 
Saucier  , Miss.  , lie  center 

j Or  t obei 

‘'A6-! 

Preservat lve 

Loca- 

Average 

Sum- 

Condition  of  stakes 

1 

»c  tuber  147b 

Total 

Average 

In 

Good 

Serviceable  but 

Destroyed  by-- 

Decay : Termite : Decay 
:attack  : and 
: : termite 

: : at  tack 

Decay: Termite:  Decay 
fungl:attack  : fungi 
: : and 

: : termite 

:attack 

Coal-tar  creosote 

Pcf 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Num- 

ber 

Pet 

Yr 

Low  residue,  straight  run 

Miss. 

8.0 

10 

— 

— 

— 

30 

60 

— 

10 

7 

70 

-17. 

Wls . 

8.0 

10 

— 

100 

-- 

— 

— 

-- 

— 

— 

Medium  residue,  straight  run 

Miss . 

8.0 

10 

-- 

10 

-- 

10 

80 

— 

— 

8 

80 

-18. 

Wls. 

8.0 

10 

-- 

90 

— 

— 

10 

— 

" 

1 

10 

-- 

High  residue,  straight  run 

Miss. 

7.0 

10 

— 

20 

— 

20 

60 

— 

— 

6 

60 

-20. 

Medium  residue 

Wls. 

7.8 

10 

10 

90 

l.ow  in  tar  acids 

Miss. 

8.1 

10 

— 

10 

— 

20 

70 

— 

-- 

7 

70 

-19. 

Wls. 

8.1 

10 

10 

90 

-- 

-- 

-- 

— 

— 

— 

-- 

— 

Low  in  naphthalene 

Miss . 

8.2 

10 

— 

10 

— 

50 

40 

— 

— 

4 

40 

-21. 

Wls. 

8.2 

10 

-- 

90 

— 

-- 

10 

-- 

— 

1 

10 

— 

Low  In  tar  acids  and 

Miss . 

8.0 

10 

— 

— 

— 

30 

60 

— 

10 

7 

70 

-18. 

naphthalene 

Wls. 

8.0 

10 

— 

100 

-- 

-- 

— 

— 

" 

— 

— 

Low  residue,  low  in  tar  acids 

Miss . 

8.0 

10 

— 

10 

— 

20 

50 

— 

20 

7 

70 

-19. 

and  naphthalene 

Wls. 

8.0 

10 

— 

100 

-- 

— 

— 

— 

High  residue,  low  in  tar  acids 

Miss , 

8.2 

10 

— 

10 

— 

10 

70 

— 

10 

8 

80 

-20. 

and  naphthalene 

Wls. 

8.1 

10 

10 

90 

— 

— 

— 

— 

— 

-- 

— 

English  vertical  retort 

Miss. 

8.0 

10 

— 

__ 



30 

60 

10 

7 

70 

Wls. 

8.0 

10 

— 

100 

-- 

— 

— 

-- 

— 

-- 

— 

English  coke  oven 

Miss. 

7.9 

10 

— 

— 

-- 

— 

70 

— 

30 

10 

100 

13. 

Wls. 

7.9 

10 

— 

90 

— 

— 

10 

— 

-- 

1 

10 

— 

English  coke  oven,  50  pet,  and 

Miss  . 

8. 1 

10 

-- 

.. 

10 

40 

50 

9 

90 

2.6. 

English  vertical  retort, 

50  pet  by  volume 

Wls. 

8.1 

10 

10 

90 

_ - 

~ - 

■’ 

Medium  residue,  low  in  tar  acids 

Miss  . 

8.1 

10 

20 

. . 

10 

70 

7 

70 

-20. 

and  naphthalene,  70  pet,  and 
coal  tar,  30  pet  by  volume 

Wls. 

8.1 

10 

100 

" 

* ■ 

~ 

“ 

- ” 

~~ 

Medium  residue,  low  in  tar  acids 

Miss . 

8. 1 

10 

10 

20 

/O 

__ 

7 

70 

-19. 

and  naphthalene,  70  pet,  and 
petroleum  oil  (Wyoming  residual) 
30  pet  by  volume 

Wls  . 

8.  1 

10 

100 

Petroleum  oil  (Wyoming  residual) 

Mias . 

8.1 

10 

— 



— 

— 

90 



10 

10 

100 

3. 

Wls. 

8.1 

10 

— 

20 

-- 

-- 

80 

-- 

-- 

8 

80 

— 

Untreated  controls 

Mias. 

— 

10 

— 

__ 





10 

10 

80 

10 

100 

1. 

Wla. 

10 

100 

— 

— 

10 

100 

5. 

-Final  Inspection  In  Mississippi  November  1968. 

Estimate  based  on  percentage  ot  stakes  remaining  after  final  Inspection. 
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Table  19. — Condition  of  southern  pine  stakes  (2x4  in.  nominal  x 18  in.),  treated  with  English 
coke  oven  and  vertical  retort  coal-tar  creosotes, after  about  28  years  of  service. 
Stakes  placed  in  test  at  the  Harrison  Experimental  Forest,  Saucier,  Miss., 
December  1948 
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Untreated  controls:  : 10  : __  : ..  : 100  : 10  : 100 


Tab  le  20 . — Cond  It  ion  ot  3 out  he  rn  pine  stakes  (2  x 4 In.  non  mal  x 18  In.),  treated  with  zinc-arsenic  chromium  end 
chromated  copper  arsenate  salts, after  about  27  years  of  service.  Stakeb  placed  in  test  at 
Had Ison , Wis.,  November  1949,  and  on  the  Harri son  Exper lmental  Forest,  Saucier,  Miss . , Dec enter  1949 


Preservat lve 

: Loca- 
le Ion 

Average 

retention 

Num- 

ber 

in 

Good 

Condition  of 

Serviceable 

s takes 

but 

December  1976 

Destroyed  by — 

Total 

removed 

Average 

life 

Decay :Termite: 
.'attack  : 

Decay 

and 

termite 

attack 

Decay : Termite 
fungi : at  tack 

Decay 
f ungl 
and 

term! te 
attack 

Pcf 

Pet 

Pet  : Pet  : 

Pet 

Pet  : Pet 

Pet 

Nua-: 

ber  : 

Pet 

Yr 

Zinc-arsenlc-chromium  salt 

(S  32)—  :Wis. 

(0.96) 

10 

— 

90  : — : 

— 

10  : 

— 

1 : 

10 

-- 

.'Hiss . 

(.96) 

10 

80 

20  : — .* 

— 

— 

— : 

— 

— 

: W 1 s . 

(.74) 

10 



80  ; --  ; 



20  : 



2 : 

20 

— 

:Mlss. 

(■>2) 

10 

30 

30  : — : 

AO 

— : 

-- 

— : 

— 

— 

:Uis. 

(.50) 

10 



20  : — 



80  : 

__ 

8 : 

80 

— 

iMiss. 

(.50) 

10 

20  ; -- 

80 

: 

— : 

— 

— 

: Wis . 

(.)5) 

10 

— 

10  : — 



90  : 



9 : 

90 

— 

:His8. 

(.35) 

10 

- : — : 

100 

— : 

-- 

--  = 

— 

— 

:U1s. 

(.22) 

10 

— 

10  : — : 



90  : 

— 

9 : 

90 

— 

:Mlss. 

(.22) 

10 

-- 

— : — 

90 

— : 

10 

1 : 

10 

— 

Chromated  copper  arsenate. 

type  11  :Wls. 

-(1.03) 

10 

90 

10  : — 



— : 



; 



— 

(Fed.  Spec.  TT-W-550) 

: Hiss . 

(1-04) 

10 

100 

— : — 

— 

— : 

— 

— : 

— 

— 

:Ui8. 

(.78) 

10 

100 

— : 



— : 



— : 



— 

: Hiss . 

(.79) 

9 

100 

— : -- 

— 

— 

:Uls. 

(.52) 

10 

30 

70  : : 

__ 

. 









: Hiss . 

(.52) 

10 

100 

— : — 

— 

— 

— 

— 

— 

:Wis . 

(.37) 

10 

100  : -- 

__ 

— : 





— 

iHlss. 

(.37) 

10 

100 

— : “ 

-- 

— : 

~~ 

— 

: Wis. 

(.26) 

10 

— 

100  : — 



__  : 







:Hias. 

(.26) 

10 

30 

40  ; 

30 

— : 

— 

-- 

— 

Zinc  chloride 

: Wis. 

l . 03( . 6 1 ) 

10 

; 

__ 

100  : 



10 

100 

12.8 

: Hiss . 

1 .04(.6?) 

10 

— 

--  •• 

" 

20  : 

80 

10 

100 

16.9 

Coal-tar  creosote 

: Wi  a . 

: 8.  A 

: 10 

: 

90  : . — 



: 10  : 

: 

: 1 

10 

: 

.Miss. 

8.3 

10 

; -- 

--  : 

90 

10  : 

: 

: 1 

10 

: — 

Untreated  controls 

: Wi  s. 

: 

: 10 

: 

__  ; 



: 100  : 

: 

. 10 

100 

: 7.0 

: Miss . 

: 

10 

: — 

--  : 

-- 

: 10  30 

60 

: 10 

100 

2.8 

— ZnO,  97  parts;  CrO.,  170  parts;  and  As.O.,  213  parts. 

2 J Z 3 

-Retention  figures  in  parentheses  are  based  on  preservative  oxides. 
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Table  21. — Condition  of  southern  pine  stakes  (2  x 4 in.  nominal  x 18  in.),  treated  with  two  forti- 
fied aromatic  petroleum  oils,  after  about  27  years  of  service.  Stakes  placed  in  test 
at  the  Harrison  Experimental  Forest,  Saucier.  Miss.,  December  1949 


—Reported  to  be  a mixture  of  heavy  petroleum  cresylic  acids,  an  aromatic  solvent,  and  copper 
naphthenate  equivalent  to  0.3  pet.  copper  metal. 

•^Reported  to  be  a mixture  of  petroleum  cresylic  acids,  aromatic  oils,  and  1.0  pet.  pentachlorophenol . 


Fable  2i. — Condition  of  southern  pine  stakes  (2x4  in.  nominal  x 18  In.),  treated  with  oil  solutions  of  rosin 
amine  2 oentachlorophenate  and  pentachlorophenol, after  about  27  years  of  service.  Stakes  placed 
tr,  test  on  the  Harrison  Experimental  Forest,  Saucier,  Miss..  December  1949 


Table  23. — Condition  of  southern  pine  stakes  (2x4  in.  nominal  x 18  in.),  treated  with  rosin  amine  D penra 
chlorophenate  and  pentachlorophenol  in  petroleum  oil  (Wyoming  residual),  after  about  25  years 
of  service.  Stakes  placed  in  test  at  the  Harrison  Experimental  Forest,  Saucier,  Miss.,  March 
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Table  26 .--Condition  of  southern  pine  stakes  (2x4  In.  nominal  x 18  in.),  treated  with  basic  zinc 
chloride  and  zinc  chloride,  after  about  25  years  of  service.  Stakes  placed  In  test 
at  the  Harrison  Experimental  Forest,  Saucier,  Miss.,  March  1952 


‘detention  value  in  parentheses  based  on  preservative 


Table  27. — Condition  of  southern  pine  stakes  (2x4  In.  nominal  x 18  In.),  created  with  naval-stores  products,  after  about 
25  vears  of  service.  Stakes  placed  in  test  on  the  Harrison  Experimental  Forest.  Saucier.  Hiss.,  March  1952 


(Page 


itios  and  percentages  on  a weight  basis, 
stake  hissing,  eliminated  fr on  test. 


of  southern  pine  stakes  (2x4  In.  nominal  x 18  in,),  treated  with  coal-tar  creosotes  frog 
duced  bv  lov-tenoerature  carbonization  (Diaco  process).  after  24  years  of  service.  Stakes 


rable  29 . - -Oond  it  J >nt  alter  about  21-1/2  year_s  of  service^  of  southern  ptne  stakes  < x in.  nominal  x 18  m.)  treated  with  preservative 
oils  and  conditioned  by  vapor  c leaning  and  steaming  to  remove  residual  solvent  Stakes  placed  In  test  on  t tie  Harrison 

fcxper laent al  forest^  Saucier x Miss.j  April  195  1* 


Slake  No. 

I’t  eser  vat  l ve 

Condlt  lotting 

Number 

Average  preservative 

Condition  i 

i stakes  November  19 7b 

lotal 

Ave r age 

i ewi 

vru 

1 1 1 e 

From  we  l glits 
before  and 
after  , 
treatment ‘ 

by 

M ' ' ' 

p 

T 

2 months 
al  ter 

Dei  ay 

lermtte 
at  t at  k 

l)cc  ay 
and 

lung  1 

at  tack 

t Uttgl 

and 

Solu- 
t ton 

Penta- 

chloro- 

phenol 

or 

copper 

metal 

sent ; 

penta- 

chloro- 

phenol 

or 

copper 

metal 

at  tack 

art«i  *. 

Pc  f 

Pet 

Pef 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pj-t 

Nub 

h«r 

Pet 

Yr 

VI  -V10 

Pent ach lorophenc I , 

4 

10 

4.2 

0.105 

0.082 

-- 

-- 

— 

— 

20 

10 

70 

10 

KM) 

1 1 b 

V11-V20 

2 . 5 pet  In 
light  aromatic 

solvent  - 

Steaming 

10 

4.2 

.105 

.091 

10 

90 

10 

100 

12.4 

V21-V10 

Pentachlorophenol , 
2.5  pet  In 
light  aromatic 
solvent 

Vapor  ^ 

cleaning 

10 

4.1 

.102 

.069 

10 

10 

80 

10 

IiK) 

11.1 

VJ1-V40 

Pentachlorophenol , 
4.5  pet  In 
light  aromatic 

. J 

solvent  - 

Steamings 

10 

4.4 

.200 

. 1 19 

10 

70 

10 

100 

10.8 

V41 -V50 

Pentachlorophenol , 
5 pet  in  1 i g/» t 
aromatic  solvent 

Vapor  ^ 

cleaning- 

10 

4.5 

.225 

. 1 lb 

20 

80 

10 

100 

14.2 

V51-V60 

Pentachlorophenol , 

None  t 

10 

4 . b 

.2  10 

. 18b 

-- 

— 

— 

— 

10 

— 

90 

10 

100 

14  1 

Vbl-V70 

5 pet  in  light 
aromat lc 

solvent- 

Steaming 

10 

4.8 

.2*0 

.222 

10 

90 

10 

100 

12.9 

V71-V80 

Pentachlorophenol , 
5 pet  in  1 lght 
aromat lc  solvent 

Vapor  ^ 

c 1 e an  1 ng 

10 

b.O 

. 100 

.17) 

10 

10 

100 

12.  1 

V81-V90 

Pentachlorophenol , 
9.1  pet  In 
light  aromatic 

solvent  - 

Steaming 

10 

4.4 

.400 

• 119 

20 

10 

70 

8 

80 

V91-V100 

Pentachlorophenol , 
10  pet  In  1 lght 
aromatic  solvent 

Vapor  , 

cleaning- 

10 

b.O 

. 600 

. 19  7 

10 

70 

7 

70 

V101- 

VlIO 

V 1 1 1 - 

Pent ach lorophenol , 
5 pet  In  No.  2 

None 

10 

6.2 

. J10 

.121 

— 

— 

100 

10 

100 

lb  5 

V120 

fuel  oil 

Steaming* 

10 

b.b 

. 110 

. 14b 

— 

— 

10 

20 

-- 

70 

9 

90 

— 

V 1 2 1 - 

VI  w 

Vapor  ^ 

cleaning- 

10 

7.2 

. 160 

.111 

— 

20 

NO 

10 

100 

1).  1 

VI  11 

V 1 40 

V 14  1 

Copper  naphthenate 
0.5  pet  cupper 

None 

10 

4 .b 

.02  1 

.020 

~~ 

50 

50 

10 

100 

11  0 

VI  SO 
VIM- 

In  1 1 gfit 

aroma t lc  solvent 

Steaming 

10 

4.5 

.022 

. 020 

Ml 

60 

10 

100 

12  0 

V 160 

Vlbl  - 
VI  70 

VI  71 

VI 80 

V 1 N 1 

VI1#) 

.topper  n.ipht  tienat  e 
0.  59  p<  t copper 

in  light 

aromat lc  solvent 

topper  naphthenate 
0.  7 p(  t c upper 
in  light 

a lunatic  solvent 

-Untreated  controls 

Vapor  ^ 

c leaning 

4 

St  earning 

Vapor 

t leaning  ’ 

10 

10 

10 

10 

4 . b 

4.4 

U2  1 

.02b 

. 029 

.018 

.02  1 

.021 

““ 

"" 

40 

10 

10 

60 

70 

70 

10 

10 

10 

It) 

100 

100 

too 

UK) 

118 

14  ^ 

1 1 7 

* In  cooper  al  ion  Kith  t i,e  Kuteau  ol  Ships,  Department  of  the  Navy 
‘fi  nir  (o  l oncftt  luntnit 

Sol  Hi  Ion  i untamed  > pit  ester  non  (bv  weight)  as  a bloom  pt  event  at  ivr 

**  | tii  t»  ( e am  l ng  w 1 1 h maxi  mum  t empef  at  u i • ' '>*# ' f and  1 hi  v a*  mil . tilhminit  via  . t • tm  i ",  , ,i  , .a  , • • » - ' • . ••  • *f 

*|  nr  livat  ln|  in  vapor  •»!  arnmatl  solvent  with  maximum  temperature  •!  **•*  k , md  1 i •*  • < •'•»»•*  . • •» 

periods  were  repeated 
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Table  30. —Condition  of  southern  pine  stakes  (2  x A In.  ncmlnal  x 18  In.),  treated  vlth  Baalllt  UA, after 
about  22  years  of  service.  Stakes  placed  In  test  at  the  Harrison  Experimental  Forest. 


Table  H . oiu' 1 t_lon_  of  bouthern  pine  stakes  (2x4  In.  nominal x )8  In.)  of  uninfected  and  Jr u ho derma 

mold- Infected  wood, t reared  with  coal-tar  creosote,  pentachlorophenol  solution,  and  copperized 

c hr omated  zinc  eh lor Id e , aft er_ about  22  years  of  service. Stakes  placed  Id  teat  on  the 

Harrison  Experimental  Forest , Saucier,  Mls9  . , December  1934 


Preservat Ive 

Average 
re  tent  Ion 

Number 

in 

test 

Good 

Condition  of  stakes 

Serviceable  but 

November  19  76 

Destroyed  by — 

Total 

removed 

Average 

life 

Decay 

Termite 

attack 
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termite 
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fungi 

Termite 
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fungi 
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termite 
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Pcf 

Pet 

Pet 

Pet 
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Pet 

Pet 

Pet 
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Yr 

ber 

STAKES  FROM  WOOD  WITHOUT  MOLD  INFECTION 

Coal-tar  creosote 

3.9 

10 

— 
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70 

30 

— 

— 

3 

30 

-- 

(high  residue. 

7.8 

10 

— 

10 

— 
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— 

— 

— 

-- 

— 

— 
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12.2 

10 

20 

10 

— 
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— 

— 

— 

— 

— 
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— 

— 

-- 
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10 

— 
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5 
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— 
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STAKES  FROM  WOOD  INFECTED  WITH  TRICHODERMA  MOLD 
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- 

10 

— 

— 

- 

S — 

10 

30 

60 

10 
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2.5 

^Retention  values  In  parentheses  based  on  preservative  oxides. 


Table  32/ — Condition  of  southern  pine  stakes  (2x4  In.  nominal  x 18  In.),  treated  with  Texas  lignite  coal-tar 
creosote  and  with  paraffin  alone  and  fortified  with  pentachlorophenol, after  22  years  of  service. 
Stakes  placed  In  test  at  the  Harrison  Experimental  Forest,  Saucier,  Miss.,  December  1954 


I 0) 

| ^ -H  +J  ^ 
| 08  00  T3  *H  U 


I I I 0)  3 

I I I Q ^ 

I ^ I 

I X I ••  •• 

I | <u  ^ 

I T3  I 4J  O 

| (1)  | -H  C8 

I ^ I 0 *-* 

I O | M 4-1 

I M I 0)  « 

I ^ I H 


cfl  OO  T3  H U 

o c CJ  a OJ 

qj  3 (fl  C w 


i 

4-1 

1 

1 

qj 

x» 

T-t 

u 

4-1 

O 

c: 

a 

cfl 

1 4-1 

3 

i i 

0) 

ctJ 

u 

*-i 

1 CJ 

X 

1 

Q 

u 

4-1 

1 CX 

0) 

4J 

CTJ 

1 

01 

s 

•• 

«• 

*■ 

• • 

H 

o 

0» 

1 

X 

CD 

4J 

1 

03 

•H 

O 

O) 

00 

a 

CTJ 

1 4-» 

J 

e 

c 

4J 

1 O 

■H 

■H 

0/ 

4-1 

1 CX 

> 

j 

H 

CTJ 

1 

J-* 

o 

• • 

• • 

• • •• 

O) 

X 

C/J 

CD 

«TJ 

j • I 

o 

* 

4> 

1 o| 

a 

1 CM 

0) 

ClO  I 

<0  c c 
ka  a>  o 

0)  -U  *H 
> <U  4-J 
< H 


H 

oo 

CH 

o 

m 

in 

ct> 

m 

n 

vO 

»— t 

CM 

CM 

•• 

•• 

•• 

•• 

*• 

• 

*• 

•• 

c 

•• 

* — < 

•H 

O 

4-1 

x 

c 

*4-4  a» 

c0 

/■"S 

a) 

CTJ  rH 

/-N 

4-1 

4-» 

X 

U T-i 

4-1 

1 

c 

9 

X 

cx 

CTJ  4-1 

X 

rH 

•H 

H 

00 

o 

CX  (0 

oo 

(TJ 

H 

H 

u 

rH 

■H 

O 

<v 

o 

• o 

0) 

O 

•H 

0 

3 

rH 

4J  > 

*44  rH 

x 

o 

O) 

o 

o 

4--( 

> 

o 

CX  O 

>> 

4-1 

a 

Q 

CTJ 

> 

X) 

CTJ 

•H 

X 

•H 

X 

4-> 

*n  4-i 

N— ' 

c 

0) 

<TJ 

J 

c 

* 

00 

u 

cx  -h 

4-4 

01 

oo  a 

4-1 

•H 

o 

< 

J 

c 

CX  CM  Q 

c 

H 

OD 

• 

a> 

M 

<u 

O 

*-» 

J 

> 

CO  to 

> 

CO 

<11 

CJ 

J 

H 

4-1 

3 

rH 

<TJ 

u 

cx 

-4 

o 

O 

rH  CJ 

o 

X 

u 

« 

CO 

CX 

CX  <H 

« 

50 


Untreated  controls  : : 10  : — : 30  : 70  : 10  : 100 


Table  3 ) . —fond  1 1 i on  of  Douj^las  fir,  sweet^ga,  and  tangile  plywood  stakes,  treated  with  pentachlorophenol  andwlch  1 1 o.  < chxagg_  • 


t ygy  Aj  a f t t-r  about  -’1  years_  o f scr 


ce.  Stakes  placed  in  test  on  the  Harrisoti  txperlmental  K<rest , Saucier^  f 


:* enat  e phenol 
January  l^bb1 


Average 
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Condi t Ion  of  stakes  November  197b 
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Hot  and  cold- 
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3.6 
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80 
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1.4 

40 
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60 
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1.9 

16  : Douglas  -fir:  - : - : - : 10  : — : — : - : " • — • - : iuu  : w : ivu 

17  : Sweet  rub  : - ! - : - 10  i - - * - • - * 10  j 10  : HO  i 10  100 

18  .Tangile  : --  : — — : 10  ; — s — : — : — . U0  : — : 60  : 10  : 100 

-*In  cooperation  with  the  Bureau  of  Shlpa,  Department  of  the  Navy . 

-Five  percent  solution  conforming  to  MIL-W-18142  (SHIPS)  specification  27  August  1954. 

^Consisted  of  heatlnR  in  a veneer  dryer  and  Immersion  In  unheated  preservative  solution  until  desired  retention  was  obtained 
^Retention  values  In  parentheses  are  baaed  on  preservative  oxides. 

Vine  stake  by  soft -rot  fungus. 

NOTE  The  stakes  were  of  5-ply  veneer,  5/8  a 4 x 18  in.,  and  cut  from  panels  24  x 48  in  For  item  10  I he  stakes  were  > ut  from  the 
then  treated.  For  other  treated  items  the  stakes  were  cut  after  treatment  and  the  edges  exposed  in  sawing  were  btush  coated  i 
preser vat  I ve . 
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Tab  le  35  . 1 1 Ion  of  a out  hern  pine  a takes  (2  x 4 In.  and  3/4  x_  3/4  In.  nominal,  x_  _1_8  lii.j,  treated  w 1th 

K f ‘ preaervar ( ye, after  about  18-1/2  to  19  years  of  service.  Stakes  placed  In  test  at  Madison , 
WIn.j  May  1958  j and  on  the  Harrison  Experimental  Forest,  Saucier,  Mlsa.,  December  H57 
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-Copper  oxide  and  chlorophenols  . 

2 

-Specimens  found  broken  and  eliminated  from  test. 

detention  values  in  parentheses  are  based  on  preservative  oxides. 


-53- 


—Uaed  with  ammonium  hydroxide  for  cyanoethylati 
—Followed  by  steaming  for  thiamine  destruction. 


P reservat 1 ve 

Average 
re  tent  1 on— 

Mum— 

be  r 

in 

lest 

i'.ood 

(ondltlon  . • 

Servl.f.c.  ',( 

hut 

— 

>y-  - 

I ot  a 1 

1 e moved 

Ave  r 

lit 

Uet  ay 

T e r ml  u- 

at  t ack 

de.,  av 

and 

termite 

at  t ack 

We.  av 

t ung  1 

l e r mi 1 1 

•it  l ack 

lit  1 ay 
fungi 
and 

t e rml  1 e 

at  ta.  k 

Pet 

Pet 

Pi  t 

Pet 

Pet 

\\  t 

Pit 

Pet 

hum-:  Pet 

Yr 

be  r : 

STAKES 

BY  4 
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BY  IB  INCHES 

Kluor  chrome  arsenate 

0. 35  (0.22) 

— 

— 

— 

b3 

38 

— 

— 

3 : 38 

— 

phenol  (Federal  Spec. 

.50  ( .31) 

10 

— 

-- 

— 

50 

40 

- 

10 

5 : 50 

— 

TT-U-5  35)  (Type  A) 

.75  < .47) 

10 

-- 

-* 
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— 

— 

— 

— : — 

— 

Fluor  chrome  arsenate 
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L, 
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.50  ( .31) 

10 

- 

- 

- 

60 

40 

— 

- 

4 : 40 

— 

(Modified)- 

.76  ( .47) 

10 

-- 

— 

-- 

80 

20 

— 

-- 

2 : 20 

Untreated  controls 
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2. 
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Untreated  controls 

- 

10 

- 

-- 

- 

-- 

30 

20 

50 

10  : 100 

1 . 

-^-Retention  values  In  parentheses  are  based  on  preservative  oxides. 


—Stakes  damaged  mechanically  anti  eliminated  from  teat. 
Sodium  pent  at  h 1 orophen.it  e substituted  tor  dl nl  t ropheno  1 . 


Table  38. — Condition  of  southern  pine  atalcca  (2x4  in.  nominal  x 18  In ■ I treated  vlth  coppar-8-gulnollnolate,  after 
about  9 years  of  service.  Stakes  placed  In  teat  on  the  Harrlaon  Experimental  Force t,  Saucier,  Mlaa,, 
De  center  1959 


•=£atlaate  baaed  on  percentage  of  atakea  remaining  after  final  lnapectlon. 


treated  if  1th  blende  of  extracts  from  Texas 
tt  teet  on  the  Harrison  Experimental  Eoreat 


'jH 


lab  l 


me  lake;,  U x 4 lu.  iu-mlii.n  .\  !•-  1 ...  , w.Ui  ii 

l ul  u>ua  with  nf  ivy  and  1 i {^ht  j^.ftrclfu'  - . - I v<-nt  . in)  »it) 
c l dr  in  gi\U  \ . . i i ..j  a 1 1 i about  16  years  of  >ervlc«  >tah 
buuc  lei  i Hi  as.,  Dccetnnet  i960 


-I'.Mi..  I l l v..  'I  UUt  lift 

^if  nt  ac  l»lor.'^'*f  iu*  l 
add  It  lOO 
iui  i i ton  i x . * i i meat  *1  Kor« 


hutj 
ami 
x*J  “ l d. 


I l 1 1;  i'X  l ui  ai  d 

w > t :»»ut  thi 
. teal  .'ii  t lu 


Prefer  vat  ive 

Aver  age 
reten- 

t Ion 

Nou.  - 

Condition  o 

a taken 

December  19/6 

Total 
t e moved 

Ave t uge 

1 lte 

In 

Good 

Serviceable  but 

Destroyed  by- - 

Ii* 

T rn 

n-r 

Decay 

Termite 

attack 

Decay 

and 

termite 

attack 

t ungi 

at  tack 

fungi 

and 

termite 

attack 

Pet  : 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Nun*-:  Pet 

her  : 

Yr 

SOLUTIONS  WITH  STODDARD  SOLVENT 


Tributyltln  oxide,  0.3  pet; 

8.0 

10  : : --  : -•  : 90 

--  10 

10 

100 

and  Dieldrin,  0.1  pet 

Tributyltln  oxide,  0.6  pet; 

8.0 

10  : --  : : --  s --  : 90 

; 10 

10 

100 

and  Dieldrin,  0.3  pet 

: : : 

Tributyltln  oxlJe,  0.3  pet; 

8.0 

lu  : : : --  : --  : 90 

--  : 10 

10 

100 

and  Aldrin,  0.3  pet 

Tributyltln  oxide 

0.3  pet 

8 . 2 

— : 20 

10 

100 

0.6  pet 

7.9 

10  : — : — : — : — : SO 

— : SO 

10 

100 

Tributyltln  oxide,  0.1  pet; 

8.0 

10  : 100 

- : 

10 

100 

Dieldrin,  0.1  pet;  and  water 

repellent , 4.7  pet 

Tributyltln  oxide,  0.3  pet; 

8.0 

10  : ; ; --  ; --  : ’0 

--  . 30 

10 

100 

Aldrin,  0.3  pet;  and  water 

repellent,  4.7  pet 

Dieldrin,  0.6  pet  8.0  : 10  : — : — : — : : 90  : --  10  : 10  : 100  : 4.0 


Pentachlorophenol , S pet;  pine 
oil,  b pet;  and  water 
repellent,  4.7  pet 

8.0 

10 

100 

Pentachlorophenol,  b pet;  pine 
oil,  5 pet;  Dieldrin, 

0.3  pet;  and  water 
repellent,  4.7  pet 

8.0 

L0 

100 

Water  repellent,  4.7  pet 

8.0 

10 

- 

- 

— 

- 

80 

-- 

20 

W 

100 

4.  3 

Pentachlorophenol,  S pet;  pine 
oil,  b pet;  Dieldrin, 

0.3  pc t ; stabilizer  wax, 

2 pet;  and  water  repellent, 

4.7  pet 

8.0 

10 

UK) 

SOLUTIONS  WITH  HEAVY  PETROLEUM  SOLVENT  (AWPA  P9) 


Tributyltln  oxide,  0.3  pet; 
and  Dieldrin,  0.3  pet 

: 8.0 

10  : « 

90 

10  : -•  : 

: i 10  : 

Tributyltln  oxide,  0.6  pet; 
and  Dieldrin,  0. J pet 

: 8.0 

10  : - 

- : * - : 

“ " 

: 100 

tributyltln  oxide 
0.3  pet 

U.b  pet 

: 6.0 

: 8.0 

: 10 
; 10 

; ; — : 

90 

100 

10 

- ; 

-- 

l 

10  : 

I 

Pentachloropheno 1 

b pet 

; 8.0 

: 10 

10  ; 10  : — : 

80 

- : 

-- 

- : 

-- 

Penta< hlorophenol 
stabl 1 lzer  wax. 

b pc  t , and 

2 pet 

: 7. 7 

: 10 

10  ; 20  i 

70 

Petroleum  solvent 

cunt  rola 

; 8.0 

; 10 

UNTREATED  CONTROLS 

80 

*“  • 

20 

2 ; 

20  . 

None 

: - 

: 10 

- : - : - . 

— 

70 

10 

10 

WO  . 

1.1 

1 

Preservat  i ve 

Lora- 

Average  teteution 

‘•use- 

i onditton  o 

St  Ikes 

Dec  cm 

tat 

ppved 

11  le 

Bv  we  i glit  Bv 

in 

test 

1 .1*0  J 

Se 

v 1 1 e ih  1 
>•  ing  so 

but 

.i- 

1 1 o'  ed 

Solu- 
t ion 

Pent  a-  sis, 

eh  Ion-:  peuta- 
pheno 1 : i h 1 oro- 
: phenol 

t ung» 

term  n 

at  t a.  k 

Dei  av 

let  mite 

at  t ack 

Dei  av 

and 

t e rn»l  te 

at  t di k 

I uftgl 

at  l ai  ► 

Pel 

P<  » Fcf 

Per 

Pet 

Pet 

Pet 

Pel 

Pi  t 

Pi  t 

• HID- 

Pi  l 

Y r 

be  r 

SIAKLS  2 

BY  4 

NOMINAL)  BY 

18  1 .3CHLS 

Pent  ach lornpheno l in  lique'ied 

Miss. 

— 

— : f. 14 

10 



— 

— 

bo 

— 

— 

20 

2 

20 

- 

10 

5u 

6 

t >U 

pet  roleum  gas— 



— : 4- 14 

10 



__ 

— 

no 

— 

-- 

— 

— 

— 

— 

- : kiS 

10 

— 

— 

— 

loo 

— 

" 

— 

-- 

-- 

Solutions  with  AUPA-P9  (heavy 

petroleum  solvent) 

Pent  achloropheno 1 

1.  5 pet  (bv  we  ight ) 

3-0 

0.11  : .14 

10 

— 

— 

— 

100 

— 

— 

— 

— 

— 

-- 

4.  5 

.19  : .22 

10 

— 

— 

— 

100 

— 

— 

— 

” 

-- 

— 

4.2  pet  (by  weight) 

6.8 

.29  : .32 

10 

10 

10 

80 

— 

— 

— 

— 

— 

— 

16.0 

.67:  .69 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Solutions  with  Stoddard  solvent 

Pentachlorophenol , <• . 0 pet; 

3.6 

. 14  : 14 

10 

-- 

10 

10 

80 

9 

90 

paraittn,  2 pet;  and 

4.6 

. 18  : 18 

10 

50 

50 

5 

50 

Pentalyn-H,  10  pet  (by 

weight) 

Pentachlorophenol,  5 pet; 

7.6 

. 38  : .39 

10 

loo 

parattln,  2 pet  and 

13.5 

.67  : .70 

10 

40 

60 

Pentalyn-H,  10  pet  (by 

weight ) 

Untreated  controls 

-- 

- : - 

10 

- 

- 

- 

- 

30 

30 

40 

10 

100 

2.1 

STAKES  3/4  BY  J/4 

BY  17 

INCHES 

Pentachlorophenol  in  liquet  led 

Miss. 

— 

— : -.15 

10 

- 

- 

- 

- 

40 

- 

60 

10 

100 

5.5 

petroleum  gas— 

Wls. 

“ 

— : -.15 

15 

— 

- 

- 

- 

100 

- 

15 

100 

10.0 

Miss. 

— 

— : -. 19 

is 

— 

— 

— 

— 

50 

— 

50 

8 

100 

4.6 

Wls. 

- 

- : -1.19 

-14 

- 

— 

-- 

- 

100 

- 

14 

100 

12  4 

Miss. 

-- 

— : -.  11 

i* 

- 

- 

- 

23 

22 

11 

44 

7 

77 

- 

Wls. 

- 

- . kn 

iu 

- 

21 

- 

- 

79 

- 

l 1 

'9 

- 

Miss. 

- 

- : i.l» 

i« 

- 

- 

- 

38 

25 

12 

25 

5 

62 

Wls. 

-- 

— : -.48 

-14 

-- 

79 

” 

-- 

21 

- 

— 

3 

21 

-- 

Solutions  with  AWPA-P9  (heavy 

Miss  . 

1.2 

.11: 

i. 

— 

— 

— 

72 

11 

— 

68 

7 

'8 

— 

petroleum  solvent) 

Uls . 

».  1 

.14  : 

-’ll 

— 

8 2 

— 

— 

18 

— 

— 

7 

18 

— 

Pent a« h loropheno 1 , 4.2  pet 

Miss. 

3.  M 

. 16 

10 

— 

— 

— 

10 

10 

10 

7(3 

9 

90 

" 

( b v we  1 gh  t ) 

Wls. 

1.9 

. 16  : 

MO 

— 

70 

-- 

— 

30 

— 

— 

1 

30 

— 

Miss. 

3. ; 

.24  : 

*4 

— 

— 

75 

— 

-- 

25 

1 

25 

-- 

wis. 

5.5 

.2  3 : 

^ 1 



73 

— 

-- 

t / 

— 

— 

3 

? 7 

— 

Miss. 

16.  1 

. 70  : 

90 

10 

-- 

— 

— 

— 

— 

— 

— 

— 

Wls. 

17.2 

. 72  : — 

in 

* ) 

57 

-- 

" 

— 

— 

Solutions  in  MndJatd  solvent 

Miss. 

1.5 

.14 

—4 

— 

— 

45 

10 

45 

9 

100 

5.6 

Pentachlorophenol,  4.(1  pit. 

Wls. 

1.0 

.12 

-11 

— 

9 

— 

91 

— 

10 

91 

par  at  ( in  t 2 pit,  and 

Miss  . 

1.9 

.16 

10 

— 

— 

-- 

30 

70 

ID 

100 

4 9 

Pentalvn-H,  10  pit  (bv 

Wls. 

4.0 

.16 

-l  » 

— 

— 

-- 

— 

too 

— 

1 3 

100 

10  8 

we  1 gti  t ) 

Pent  a>  i<  lorophertol , 5.0  ml; 

Miss. 

6.4 

. 12  : 

% 

13 

11 

56 

ft 

ft- 

- 

paraffin,  .‘.it  p*  f , and 

Wis  . 

ft  .ft 

.31. 

r 

20 

80 

1 .* 

8IJ 

r ent  a 1 vn - n , lu  p. t (bv 

Miss 

14.4 

. 72  : — 

“9 

1 1 

89 

we Ight  ) 

Wls. 

14.6 

.73 

•1  t 

2 1 

8 

1 

8 

lift  le  III'  1 . .ml  1 1*  1 s 

Miss  . 

— 

111 

41) 

til 

In 

1 > 

100 

1.3 

WIS 

15 

liKi 

1 i 

lOO 

< .0 

*lt  has  een  reportrd  fiat  the 

• ■1  mu  lat  i on  * 

t teat Ing  v 1 .n 

1 .n 

i q u#  t 

ed  .. 

•een  . 

st.,s 

S hr  i 

....... 

lr  f mi  1 1 > s i f samp le  ■ • t 

• r -ss  se  t t .si  Vfilrti  t i 

e'i  it 

e»  dp.. 

|l*t  'T 

•*  10 

» - * 

A in 

St  %*.  > 

ana  r,„. 

,r.  t 

n.c 

St  .1.1 

f r cat  e.l  > i in*  1 .1 1 I if  if  i n r fflfnl  I >ns  v rii  *•!  dr  t • t mi  nrd  1 1.  r ind  i • •*.»  I ' • • » »t  f a • » • • • t t i «•  H . ' i 1*  « 

stir  i . i r Im  i 1 1 nit  t • . r r hr  • r . i i n»  r 1 1 t i'  i - -n 

'M.«. r l ••  in  tl  - 1 . ..«•  | | .r  len'i.-ri#  *•*.»»  at  rif  -m  -r  If"  •»«  ad  • *''11  t it  %t  i 

* f ike  i • ....  ' -»  . fill  . • . I . .1  r.t  i - f . ' 


Tab le  4 3.  — Condition  of  southern  pine  ataVtes  (2x4  In.  nominal  x 18  In.),  treated  with  copper-8-quinollnolate 

and  pentachlorophenol  In  heavy  petroleum  advent,  after  13  years  of  service.  Stakes  placed  In  teat 
on  the  Harrison  Experimental  Forest.  Saucier.  Mias,,  December  1963 
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Table  44. — Condition  of  southern  pine  stakes  (2x4  in.  nominal  x 18  in.),  treated 
with  heptadecyltrimethyltetrahydropyrimidine  (HTP)  in  No.  2 fuel  oil, 
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T ab le  46 . —Condition  of  southern  pine  stakes  (2x4  in.  nominal  x 18  In.),  treated  with  copper-eh rone-boron 
and  acid  copper  chromate  preservatives,  after  approximately  10  years  of  service.  Stakes 
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*i  stake  damaged  by  tailing  tree  eliminated  t r >a  teat, 
detention  values  In  parentheses  are  based  on  preservative  oxides. 


Table  48. — Condition  of  southern  pine  stakes  (2x4  In.  nominal  x 18  In.),  treated  with  copper-chrome-phosphorus 

and  chroma ted  copper  arsenate  Type  III  preservatives,  after  about  5 years  of  service.  Stakes  placed  In 
teat  on  the  Havrlaon  Experimental  Forest.  Saucier,  Miaa..  December  1971,  and  Madison.  Wls.,  May  1972 
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■Density  40  lb.  per  cu.  ft. 

+ lakes  spraved  with  predetermined  amount  of  preservative  solution  while  being  tumbled  in  screen. 


Table  50. — Condition  of  southern  pine  stakes  (2x4  In.  nominal  x 18  in.),  treated  with  propylene  oxide, 
butylene  oxide,  and  eplchlorohydrin/propylene  oxide  combinations, after  2 years  of  service. 
Stakes  placed  in  test  on  the  Harrison  Experiment  Forest,  Saucier.  Miss.,  October  31.  1974 
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Table  SI. — r 011.I  it  Ion  of  sout  hern,  pi  ne  Douglas-flr  and  Rngelmann  spruce  hear  tv  .md  stak»-sJ  t_re_at_ed  with 
.ibt.oi)  lacal  copper  arsenate  and  chromated  copper  at  senate,  aft  er  about  1 yj-A  r ■ f service. 
Stakes  placed  in  test  at  Madison,  Wls  . , May  1970,  and  on  the  Harrison  Paper  ltaent  al 
Forest,  Saucier,  Mias.,  Dec.  1975 


Preservat 1 ve 


Average 

reten- 

tion 


Condition  of  stakes  December  1976 

Serviceable  but  : Destroyed  by — 


Serviceable  but 
showing  some — 


Termite:  Decay 
attack  : and 

: termite 
.’attack 

Pet  : Pet 


Termite:  Decay 
attack  : fungi 
: and 

: terml  te 
.‘attack 

Pet  : Pet 


Total 
remo ved 


Number:  Pet 


Average 

life 


SOUTHERN  PINE^*—  2-  BY  4-INCH  NOMINAL  BY  18-INCH  UNINCISED 


Chromated  copper 


: Miss . 

0.23 

10 

100 

.’Via . 

.14 

10 

— 

:Mlss  . 

.28 

10 

100 

:Wis  . 

.19 

10 

— 

: Miss  . 

.47 

10 

100 

:Wts. 

. 30 

10 

— 

.’Mias . 

— 

10 

50 

:Wi  a . 

— 

10 

— 

SOUTHERN  PINE^-  2-  BY  4-INCH  NOMINAL  BY  18-INCH  INCISED 


Chromated  copper 


arsenate  type  III  :Miaa. 

.27 

10 

100 

— 

— 

— 

— 

: Wla . 

.19 
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— 

— 

— 

— 

— 

:Miss . 

.47 
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100 

— 

— 

— 

— 

:Wla . 
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— 

— 

— 

— 

— 

:Miss . 

.61 
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100 

— 

— 

— 

— 

: Via . 

.37 

10 

— 

— 

— 

— 

— 

SOUTHERN  PINB^  3/4-  BY  3-1/2-  BY  18-INCH  PLYWOOD 


Chromated  copper  ^ 
arsenate  type  III 


:Wia.  : 1.62 


39 
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— 









38 

10 
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Table  51. — Condi t Ion  o f southern  pine, Douglas-f lr  and  Engelmann  spruce  hearrwood  stakes,  treated  with 
aronontacal  copper  arsenate  and  chromated  copper  arsenate, after  about  1 year  of  service. 
Stakes  placed  In  test  at  Madison,  Wls.,  May  1976,  and  on  the  Harrison  Experimental 
Forest.  Saucier,  Miss.,  Dec.  1975 — continued 


Preservat lve 

Loca- 

tion 

Average 

reten- 

tion 

Number 

In 

test 

Cond 

Good Se 
: she* 

t Ion  of  stakes  December  1 976 

rvlceable  but  : Destroyed  by — 

Tot  al 
removed 

Average 

life 

: Decay 

Termite:  Decay  :fungl 
attack  : and 

: termite: 

:attack  : 

attack  : fungi 
and 

: termite 
: attack 

Pcf 

Pet : Pet 

Pet  : Pet  : Pet 

Pet  : Pet 

Number 

Pet 

Yr 

SOUTHERN  PINeA’-  2-  BY 

4-INCH  NOMINAL  BY  18-INCN  UNINCISED 

Amraonlacal  copper 

arsenate 

Miss 

0.11 

10 

100:  — 

: — : — 

: — 

— 

— 

— 

Wls. 

.07 

10 

; 

— : — : — 

: — 

— 

— 

— 

Mias  . 

.30 

10 

100:  — 

: — : — 

— ; 

— 

— 

— 

Wls. 

.16 

10 

— . — 

— : — : — 

— : 

— 

— 

— 

Miss. 

.42 

10 

100:  — 

: — : — 

— : 

— 

— 

— 

Wla . 

.26 

10 

— : — 

— : — : — 

— : 

— 

— 

— 

SOUTHERN  PIN&A'l  2-  BY 

4- INCH  NOMINAL  BY  18-INCH  INCISED 

Do 

Miss. 
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A 77 

10 

— : — 

— ; — : 
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: — : — 

— : — 
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Wla. 
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T 



Wla. 

4- 38 
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— : --  : — 
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— 

Wls. 

A.  77 
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— ; — : — 

— s 
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Mias  . 

M.08 

10 
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— 
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Wls. 
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Tab  1 e b 1 . — Condition  of  southern  pine,  Douglas-f lr  and  Engelmann  spruce  heartwood  s takes , trea ted  with 
anroonlacal  copper  arsenate  and  chroaated  copper  arsenate, after  about  1 year  of  service. 
S t ake9  placed  In  test  at  Madi9on,  Wls . , May  1976,  and  on  the  Harrison  Experimental 
Forest,  Saucier,  Miss.,  Dec.  1975 — continued 


Preservative 

Loca- 

Average 

Number 

Condition  of  stakes  December  1976 

Total 

Average 

tlon 

teat 

Good 

Serviceable  but 
shoving  some — 

Destroyed  hy — 

T 

Decay : Termite:  Decay 
: at tack  : and 
: : termite 

: : attack 

fun  Hi 

attack  : fungi 
: and 

: termite 
: at  tack 

Pcf 

Pet 

Pet  : Pet  : Pet 

Pet 

Pet  Pet 

Number:  Pet 

Yr 

DGUGLAS-PIR 

2-  BY  4 -INCH  NOMINAL  BY  18- 

-INCH  UNINCISED 

i roasted  copper 

arsenate  type  III 

Hiss. 

: 0.66 

10 

100 

— 

— 

— 

— 

-- 

— 

— 

— 

— 

Wls. 

: .55 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Miss  . 

: 1.24 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wls. 

: .82 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Miss  . 

: 1.62 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wls. 

: 1.41 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

None 

Miss  . 

: 

10 

30 

10 

so 

10 

— 

— 

— 

— 

— 

— 

Wls. 

DOUGI 

10 

-AS- FIR 

2-  B\ 

4-INC 

ni  N0MIN 

SL  BY  18 

-INCH 

NCISED 

roasted  copper 

arsenate  type  III 

Hiss. 

: .66 

10 

100 

— 

■ — 

— 

— 

— 

— 

— 

— 

— 

Wls. 

: .56 

10 

— 

— 

■ — 

— 

— 

— 

— 

— 

— 

— 

Miss. 

: 1.28 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wls. 

: .96 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Hiss. 

: 1.88 

10 

100 

— 

■ — 

— 

— 

— 

— 

— 

— 

— 

Wls. 

: 1.28 

DOUGI 

10 

-AS-FIR 

3/4- 

BY  3- 

L/2-  BY 

L8-INCH 

»LYWOOI 

D<r^ 

Hiss. 

: .62 

10 

100 

— 







— 





— 



Wls. 

: .62 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Kiss. 

: 1.25 

10 

100 

— 

-- 

— 

— 

— 

— 

— 

— 

— 

Wls. 

: 1.22 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Hiss . 

: 1.88 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla. 

: 1.83 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

None 

Mias. 

; 

10 

50 

10 

10 

30 

— 

— 

— 

— 

— 

-- 

romated  copper  ^ 

Wla. 

10 

arsenate  type  III— 

Miss. 

: f 60 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla. 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Hiss. 

•■fl.22 

10 

100 

— 

— 

-- 

— 

— 

— 

— 

— * 

-* 

Wla. 

:t1 -22 

10 

— 

— 

— 

— 

-- 

— 

-- 

— 

— 

— 

Hiss. 

:|l.B2 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— - 

Wla. 

.1.82 

10 

-- 

— 

-- 

— 

— 

-- 

— 

— 

-- 

" 

:Mlas. : ^.60 
.Via.  : . - . 60 
:Mlaa.:|l.22 
:Wla . :~\.22 
.'Mias . :-l . 82 
:Vle.  1 . 82 


10 

100: 

10 

— : 

10 

100: 

10 

— : 

10 

100: 

10 

— i 
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Table  S 1 . --Condi t fon  of  southern  pine,  Douglas- f 1 r and  Kngelmann  spruce  heartwood  stakes^  t reated  with 
amnion  lacal  copper  arsenate  Mid  chroma  ted  copper  arsenate,  after  about  1 year  of  service. 
Stakes  placed  In  teat  at  Madison , Mia . , May  19  76,  and  on  the  Harrlaon  Experimental 
Forest , Saucier,  Mlaa.,  Dec.  1975 — continued 


Preaervat ive 

Loca- 

Ave  rage 

Number 

Condition  of 

stakes  December  1976 

t Total 

Average 

tion 

reten- 

In 

— 

— 

— 

— 

: removed 

life 

tion 

test 

Good 

Serviceable 

but 

Destroyed  by — : 

shoving  some — 



— 

: 

— 

— 

— 

Decay 

Termite 

Decay  : 

Decay 

Termite 

Decay 

fungi 

attack 

fiaigi  : 

attack 

and 

and 

termite 

termite; 

attack 

attack  : 

Pcf 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet 

Pet  :Number 

Pet 

Yr 

DOUGLAS- FIR 

2-  BY  4-INCH  NOMINAL  BY  10- 

•INCH  UNINCISED 

Aaunonlacal  copper 

arsenate 

Miee  . 

0.70 

10 

100 

— 

— 

— 

— 

— 

— : — 

— 

— 

:Wta. 

.61 

10 

— 

— 

— 

— 

— 

— 

; — 

— 

— 

: Hiss  . 

1.42 

10 

100 

— 

— 

— 

— 

— 

r — 

— 

— 

:Wia . 

1.29 

10 

— 

— 

— 

— 

— 

— 

— : — 

— 

— 

: Hies . 

2.14 

10 

100 

— 

— 

— 

— 

— 

— : 

— 

— 

:Wie . 

1.95 

10 

— 

— 

— 

— 

— 

— 

— : 

— 

DOUGLAS- FIR 

2-  BY  4-INCH  NOMINAL  BY  18- 

-INCH  INCISED 

Do 

Hiss  . 

.70 

10 

100 

— 

— 

— 

— 

— 

— : 

— 

— 

:Wie  . 

.62 

10 

— 

— 

— 

— 

— 

— 

— t — 

— 

— 

:Hlse . 

1.41 

10 

100 

— 

— 

— 

— 

— 

— ; — 

— 

— 

:Wie . 

1.25 

10 

-- 

— 

— 

— 

— 

— 

— i 

— 

— 

:Hlaa. 

2.17 

10 

100 

— 

— 

— 

— 

— 

— ; 

— 

— 

:Wla . 

2.00 

10 

— 

— 

— 

— 

— 

— 

— - : 

„ 3 

D0UG1 

.AS- FIR 

3/4- 

BY  3- 

L/2-  BY 

8-INCH 

>LYWOOD 

:Wls . 

.62 

10 



— 

— 

— 

— 

— j — 

— 

— 

:)flss. 

1.30 

10 

100 

— 

— 

— 

— 

— 

— : — 

— 

— 

:Wla . 

1.27 

10 

— 

— 

— 

— 

— 

— 

— : — 

— 

— 

:Niae . 

1.97 

10 

100 

— 

— 

— 

— 

— 

— i — 

— 

— 

:Wia. 

1.93 

10 

— 

— 

"" 

““ 

— 

— i 

n 4 

4 64 

:Wls. 

C-.64 

10 



— 

— 

— 

— 

— j 

— 

— 

: Klee  . 

:|l.30 

10 

100 

— 

— 

— 

— 

— 

--  i 

— 

— 

:Wie. 

--1.30 

10 

— 

— 

— 

— 

— 

— 

— i 

— 

— 

:Hlee  . 

:h.9B 

10 

100 

— 

— 

— 

— 

— 

— 

:Wie. 

-1.98 

10 

— 

— 

— 

— 

— 

— 

— i 

— 

““ 

5 64 

•'Via. 

^.64 

c-.64 

10 



— 

— 

— 

— 

--  j — 

V 

— 

: Mise . 

:|l.30 

10 

100 

— 

— 

— 

— 

— 

— j — 

— 

— 

:Wle. 

-1.30 

10 

— 

— 

— 

— 

— 

— 

— : 

— 

— 

: Miaa . 

:h.98 

10 

100 

— 

— 

— 

— 

— 

— j 

— 

— 

:Wle. 

1 .98 

10 

— 

— 

— 

— 

— 

— : — 

— 

— 
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Table  S 1 .--Cond  1 1 Ion  of  southern  pine,  Douglas- f ir 1 and  Enpelmann  spruce  hearty ood  stakes^  treated  w 1 1 h 
~"«inH"on  1 aca  l~  copper  arsenate  at . d c hr  omac  ed  copper  ar..enateT  after  about  J_  year  of  service. 
Stakea  placed  in  test  _at_  Madison , Ml  a . , May  1976 , and  on  the  Harr  ison  Experimental 
Forest,  Saucier,  Mias . , Dec . 1975 — con t lnued 


Preaervat Ive 


Loca- 

Average 

Number 

Condition  of  stakes  December  1976 

Total 

t Ion 

teat 

Good 

Serviceable  but 
showing  some-- 

De  s t roy ed  b y — 

Decay 

fungi 

t n 

Decay : Termite:  Decay 
:attack  : and 

: termite 
: attack 

attack  : fungi 
and 

: termite 
:attack 

Pcf 


Pet 


Number:  Pet 


Average 

life 


FNGELMANN  SPRUCE  2-  BY  4-INCH  NOMINAL  BY  18-INCH  UNINCISED 


Chromated  copper 


arsenate  type  III  :Mlas. 

0.31 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

:W1  a . 

.21 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

:Mlas . 

.50 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

:Wia . 

.40 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

;Mlas . 

.64 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

:Wla. 

.48 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

None  :Mlaa  . 

— 

10 

30 

30 

10 

30 

— 

— 

— 

-- 

— 

— 

:Wla. 

— 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

ENGELMANN  SPRUCE  2-  BY  4-INCH  NOMINAL  BY  18-INCH  INCISED 


Chromated  copper 
arsenate  type  III 


:Mlas  . 

.40 

10 

: 100 

: Wla  . 

.28 

10 

: — 

:Ml88  . 

.66 

10 

: 100 

;Wla. 

.56 

10 

: — 

: Ml sa  . 

1.02 

10 

: 100 

:Wla  . 

.86 

10 

: — 

ENGELMANN  SPRUCE  1/4-  BY  3-1/2-  BY  18-INCH  PLYWOOD 


D^. 


Chromated  copper  ^ 
arsenate  type  III- 


Kiss  . 

71 

10 

100 

Wi  8 . 

70 

10 

— 

Mlaa  . 

1 

38 

10 

100 

Wla. 

1 

34 

10 

— 

Mias  . 

2 

03 

10 

100 

Wla. 

1 

82 

10 

— 

Mlaa  . 

— 

10 

40 

Wla. 

— 

10 

— 

Mlaa  . 

5 

54 

10 

100 

Wla. 

54 

10 

— 

Mlaa  . 

b 

25 

10 

100 

Via. 

b 

25 

10 

Mlaa. 

fi 

76 

10 

100 

Wla. 

76 

10 

— 

- 

— 

- 

- 

- 

— ! - 

10 

20 

10 

10 

10 

— : 2 

M1  MS 

Win. 
Ml  as 
Wla. 


|.54 

-\54 


:~1.25 
Mlaa.  :|l.  76 
Wla.  1. 76 


10 

10 

10 

10 

10 

10 


100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

100 

- 

- 

- 

— 

- 

— 

— 

- 

- 

100 

— 

- 

- 

— 

— 

— 

— 

- 

- 
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Tab  ie  SI.  — Condition  of  southern  plnef Douglas- fir  and  Engelaann  spruce  heartvood  stakes,  treated  with 
unsaonlacal  copper  araen ate  and  chromated  copper  arsenate,  after  about  1 year  of  service. 
Stakes  placed  In  teat  at  Madison,  Wls.,  May  1976,  and  on  the  Harrison  Experimental 
Forest , Saucier,  Miss.,  Dec.  1975 — continued 


Preservative 

Loca- 

Average 

Number 

tion 

reten- 

In 

tlon 

test 

Pcf 


Condition  of  stakes  December  1976 

Total 

Average 

Serviceable  but 

Destroyed  by — 

Decay 

fungi 

Termite:  Decay 
attack  : fungi 
and 

s termite 
: attack 

Decay 

Termite:  Decay 
attack  : and 

: termite 
'.attack 

Pet 

Pet  : Pet 

Pet 

Pet  : Pet 

Number:  Pet 

Yr 

FH GELMANN  SPRUCE  2-  BY  4- INCH  NOMINAL  BY  18-INCH  UN INCISED 


Amraonlacai  copper 
arsenate 


Do 


Kiss  . 

0.26 

10 

100:  — 

— 

— 

— 

— 

— 

— 

— 

— 

Wls  . 

.20 

10 

; 

— 

— 

— 

— 

— 

— 

— 

— 

Kiss  . 

.63 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

Wls. 

.50 

10 

— ; 

— 

— 

— 

— 

— 

— 

— 

— 

Miss  . 

1.03 

10 

100:  — 

— 

— 

— 

— 

— 

— 

— 

— 

Wls. 

.75 

10 

— : — 

— 

— 

— 

— 

— 

— 

— 

— 

04  GEL  MANN  SPRUCE  2-  BY  4-INCH  NOMINAL  BY  18-INCH  INCISED 


Mias 

.42 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla  . 

.30 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Mias. 

.97 

10 

100 

— - 

— 

— 

— 

— 

— 

— 

— 

— 

Wla  . 

.81 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Mias  . 

1.41 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla. 

1.16 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

EN GELMANN  SPRUCE  3/4-  BY  3-1/2-  BY  18-INCH  PLYWOOD 


Miss  . 

. 70 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla. 

.68 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Mlaa . 

1.42 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

•Wls. 

1.35 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

:Mlas . 

2.14 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wls. 

2.08 

10 

-- 

— 

— 

— 

— 

— 

— 

— 

— ■ 

— 

Mias  . 

f.65 

10 

100 





— 

— 

— 

— 

— 

— 

— 

Wls. 

,’.65 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Miss  . 

?1.29 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wls  . 

fl.29 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Miss  . 

|2.02 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla. 

—2. 02 

10 

— 

— 

— 

-- 

— 

— 

— 

— 

— 

— 

Miss  . 

f.65 

10 

100 





— 



— 





— 

— 

Wls. 

■ 65 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Miss  . 

-1 . 29 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla. 

^1.29 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Mlaa. 

^2.02 

10 

100 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Wla. 

-2.02 

10 

— 

— 

— 

— 

— 

— 

— 

-- 

— 

— 

-Some  southern  pine  contained  a small  amoiait  of  aapwood.  and  the  southern  pine  plywood  was  mixed  heartvood 
and  sap. 

‘Resin  content  of  the  southern  pine  ranged  from  0.87  to  27.4  percent. 

-Treated  as  3/4-  a 3-1/2-  * 18-  Inch  stakes. 

4 

Stakes  cut  from  treated  2-  a 4-  foot  panel. 

Retent  Ion -by-vet  ght  of  panels  from  which  stakes  were  rut. 

-Stakes  cut  froa  treated  2-  x 4-  foot  panel,  all  cut  surfaces  given  « liberal  brush  coat  of  a 4.5  percent 
solution  of  the  preservative  the  panels  were  treated  with. 
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Table  53. --Condition  of  southern  pine  atakea  (2x4  In.  nominal  x 18  In.),  treated  with  fire  retardant 
chemicals,  after  about  6 months  service.  Stakes  placed  In  test  on  the  Harr  la on 
Experimental  Forest,  Saucier,  Miss.,  May  1976 


■ 


. - - 


Tab le  54 . — Sunnary  of  2-  by  4- Inch  stake  ceat  results  obtained  In  Mississippi  with  wood  prese rvat  1 vea  In  general  uae 


Preservative 

Average 

retention 

Data 

Average 

Remarks 

from 

life 

table 

No. 

Pcf 

Vr 

Acid  copper  chromate  (Fed.  Spec. 

0.26  ho. 13) 

15 

11.6 

TT-W-546) 

.30 

(.16) 

46 

— 

90 

pet  failed  after  10  yr 

.51 

(.25) 

47 

— 

40 

pet  failed  after  9 yr 

.52 

(.26) 

15 

— 

20 

pet  failed  after  31  yr 

.60 

(.29) 

46 

4.6 

.75 

(.37) 

15 

— 

30 

pet  failed  after  31  yr 

1.01 

(.50) 

47 

— 

20 

pet  failed  after  9 yr 

1.54 

(.76) 

47 

— 

20 

pet  failed  after  9 yr 

Aaaoniacal  copper  arsenate  (Fed. 

.25 

(.26) 

14 

— 

30 

pet  failed  after  32  yr 

Spec.  TT-W-549) 

.53 

(.51), 

1.00 

(0.97), 

1.29 

(1.25) 

14 

— 

No 

failures  after  32  yr 

Chromated  copper  arsenate 

.26 

(.15) 

15 



70 

pet  failed  after  31  yr 

Type  I (Fed.  Spec.  TT-W-550) 

.50 

(29), 

.78 

(.44) 

15 

— 

No 

failures  after  31  yr 

Type  II  (Fed.  Spec.  TT-W-550) 

(.26), 

(.37), 

(.52) 

20 

— 

No 

failures  after  27  yr 

(.79). 

(1.04) 

Chromated  zinc  arsenate  (former  Fed. 

.28 

(.11) 

24 

— 

80 

pet  failed  after  25  yr 

Spec.  TT-W-538) 

.42 

(.22) 

4 

— 

80 

pet  failed  after  36-1/2  yr 

.44 

(.29) 

4 

— 

56 

pet  failed  after  36-1/2  yr 

.48 

(.20), 

.97 

(.60), 

1.27 

(.53) 

24 

— 

No 

failures  after  25  yr 

.55 

(.29) 

■*.- 

— 

56 

pet  failed  in  36-1/2  yr 

.73 

(.38) 

— 

— 

10 

pet  failed  in  36-1/2  yr 

.98 

(.52) 

to 

1.34 

(.70) 

4 

— 

No 

failures  after  36-1/2  yr 

Chromated  zinc  chloride  (Fed.  Spec. 

.49 

(.30) 

2 

14.2 

TT-W-551) 

.76 

(.47) 

2 

20.2 

.76 

(.46) 

47 

— 

30 

pet  failed  after  9 yr 

1.02 

(.63) 

2 

20.1 

1.02 

(.62) 

47 

— 

30 

pet  failed  after  9 yr 

1.50 

(.92) 

25 

— 

60 

pet  failed  after  25  yr 

1.57 

(.96) 

47 

— 

10 

pet  failed  after  9 yr 

2.91 

(1.78) 

25 

— 

20 

pet  failed  after  25  yr 

6.0 

(3.67) 

25 

— 

No 

failures  after  25  yr 

Copper  naphthenate 

0.11  pet  copper  In  No.  2 fuel  oil 

10.3 

7 

15.9 

.29  pet  copper  in  No.  2 fuel  oil 

10.2 

7 

21.8 

.57  pet  copper  in  No.  2 fuel  oil 

10.6 

7 

— 

80 

pet  failed  after  35  yr 

.86  pet  copper  in  No.  2 fuel  oil 

9.6 

7 

— 

60 

pet  failed  after  35  yr 

Creosote,  coal-tar 

4.1 

17 

14.2 

4.2 

4 

17.8 

4.6 

5 

21.3 

8.0 

4 

— 

40 

pet  failed  after  36-1/2  vr 

8.3 

20 

— 

10 

pet  lulled  aftei  27  vr 

10.0 

5 

— 

60 

pet  failed  after  3b  vr 

11.8 

4 

— 

20 

pet  failed  after  36-1/2  vr 

14.5 

5 

— 

No 

failures  after  lb  yr 

16.5 

4 

— 

No 

failures  after  36-1/2  vr 

Low  residue,  straight  run 

8.0 

18 

17.8 

Medium  residue,  straight  run 

8.0 

18 

18.8 

High  residue,  straight  run 

7.8 

18 

20.3 

Medium  residue 

Low  In  tar  acids 

8.1 

18 

19.4 

Low  in  naphthalene 

8.2 

18 

21.3 

Low  tn  tar  acids  and  naphthalene 

8.0 

18 

18.9 

Low  residue,  low  In  tar  acids  and 

naphthalene 

8.0 

18 

19.2 

High  residue,  low  in  tar  acids  and 

naphthalene 

8.2 

18 

20,0 
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Table  54. — Su"m>“ry  of  2-  by  4-lnch  stake  teat  results  obtained  In  Mississippi  with  wood  preservatives  in  general  use — continued 


Preservative 

Average  retention 

Data 
f rom 
table 
No. 

Average 

life 

Remarks 

Pcf 

Yr 

Creosote,  coal-tar--cont inued 

English  vertical  retort 

5.3 

19 

— 

60  pet  failed  after  28  yr 

8.0 

18 

18.9 

— 

10.1 

19 

— 

30  pet  failed  after  28  yr 

15.0 

19 

— 

No  failures  after  28  yr 

English  coke  oven 

4.7 

19 

16.3 



7.9 

18 

13.6 

— 

10.1 

19 

-- 

70  pet  failed  after  28  yr 

14.8 

19 

— 

70  pet  failed  after  28  yr 

Fluor  chrome  arsenate  phenol  type  A 

.2  (0.12) 

2 

10.2 



(Fed.  Spec.  TT-W-535) 

.3  (.19) 

2 

18.0 

— 

.35  (.22) 

37 

— 

38  pet  failed  after  17  yr 

.50  (.31) 

37 

— 

50  pet  failed  after  17  yr 

.61  (.38) 

2 

24.1 

— 

.75  (.97) 

37 

— 

No  failures  after  17  yr 

2 

Pentachlorophenol  (various  solvents)— 

Liquefied  petroleum  gas 

.14 

42 

— 

20  pet  failed  after  15-1/2  yr 

.19 

42 

— 

60  pet  failed  after  15-1/2  yr 

.34 

42 

-- 

No  failures  after  15-1/2  yr 

.34 

45 

— 

20  pet  failed  after  13  yr 

.49 

45 

— 

No  failures  after  13  yr 

.58 

42 

— 

No  failures  after  15-1/2  yr 

.65 

45 

— . 

No  failures  after  13  yr 

Stoddard  solvent  (mineral  spirits) 

.14 

42 

— 

90  pet  failed  after  15-1/2  yr 

.18 

42 

— 

50  pet  failed  after  15-1/2  yr 

.2 

22 

9.5 

— 

.2 

17 

13.7 

— 

.38 

42 

— 

No  failures  after  15-1/2  yr 

.4 

22 

15.5 

— 

.67 

42 

— 

No  failures  after  15-1/2  yr 

Heavy  gas  oil  (Mid-United  States) 

.2 

17 

— 

33  pet  tailed  after  28-1/2  yr 

.4 

17 

— 

10  pet  failed  after  28-1/2  yr 

.6 

17 

— 

10  pet  failed  after  28-1/2  yr 

No.  4 aromatic  oil  (West  Coast) 

.2 

22 

— 

80  pet  failed  after  27  yr 

.4 

22 

— 

20  pet  failed  after  27  yr 

AWPA-P9  (heavy  petroleum) 

.11 

42 

— 

No  failures  after  15-1/2  yr 

.19 

42 

— 

No  failures  after  15-1/2  yr 

.29 

42 

— 

No  failures  after  15-1/2  yr 

.53 

45 

— 

No  failures  after  13  yr 

.67 

42 

— 

No  fallures\af ter  15-1/2  yr 

Untreated  stakes 

— 

Misc  . 

1.8 

— 

to 

3.6 


-Retention  values  in  parentheses  are  based  on  preservative  oxides. 
^f>e«  tables  5 and  17  for  pentachlorophenol  in  other  solvents. 
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